Detection of hepatitis A virus in bivalve molluscs in Southern Vietnam using RT-PCR by Ho, T
  
 
Detection of hepatitis A virus 
 in bivalve molluscs  
in Southern Vietnam using RT-PCR 
 
 
 
A thesis submitted in fulfillment of the requirements for the degree of 
Master of Applied Science 
 
 
 
 
HO THANH BA 
B. Sci. 
 
 
 
 
 
 
School of Applied Sciences 
RMIT University 
March 2010 
 
  i 
 
DECLARATION 
 
 
 
The content of this thesis is the result of work which was performed while I was 
enrolled for the Degree of Master of Applied Science by Research (Applied 
Microbiology and Biotechnology), in the School of Applied Sciences, at Royal 
Melbourne Institute of Technology (RMIT) University. 
To the best of my knowledge, all work performed by others, published or 
unpublished, has been duly acknowledged in this thesis.This work has not been 
submitted previously, in whole or in part, to qualify for any other academic award. 
 
 
Signature: 
 
Ho Thanh Ba 
Date: 13 October 2010 
 
 
 
 
 
 
 
 
 
 
 
 
 
  ii 
 
 
 
 
ACKNOWLEDGMENTS 
 
 
I would like to take this opportunity to thank all to those who have supported me 
during the course of this study. 
Firstly, I thank Dr. Brian Meehan, my senior supervisor, for his knowledge and 
support. He taught me how to write a master thesis and brought out the good 
ideas in me. 
Dr Dung, my local supervisor, guided me practical work of the project and 
supported me media and chemicals to detect bacterial indicators when I 
conducted my project in Ho Chi Minh city, Vietnam. 
I thank Dr. Nagesh Hadya for his help on the correction of my thesis. He taugh me 
how to write a thesis in scientific manner. 
I would like to thank Dr. Hao Van, who worked as second supervisor in RMIT. Her 
advice, encouragement and moral support throughout the time I have conducted 
my work have been invaluable and memorable. I greatly appreciate that she really 
“work hard for me” on the correction of my thesis.  
To Dr. Kenji Abe, Department of Pathology, National Institute of Infection 
Diseases, Japan for providing some materials and advice for the HAV detection. 
I am grateful to Dr. Phat, National Institute of Hygiene and Epidemiology, Vietnam 
for  providing HAV strain HM 175. 
To Dr. Phuc, Departments of Gastroenterology, Children Hospital No.1, Vietnam 
for his technical assistance. 
  iii 
I wish to thank Assoc. Prof. Tuan, Dr. Giang in Nong Lam University, Vietnam for 
their help in my paperwork of my scholarship. 
My sincerely thanks to Kathryn Thomas, who gave me wonderful help when I was 
first time to Melbourne. 
To The Research Institute of Biotechnology and Environment at Ho Chi Minh City 
for giving me the opportunity to complete my Master degree. 
To all my friends and colleagues for all their friendship and support over the years.  
To my family for all their love, unwavering support and encouragement throughout 
my study. Without them, I would not be able to achieve this far. 
I wish to dedicate this thesis to my wife, Mai, who has always encouraged me in 
everything I have done throughout my life and who I know would be very proud of 
me for the work I have done throughout the  course of this study. 
Finally, I would like to thank Vietnamese Government and RMIT University for 
their scholarship for me to finish this course. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  iv 
 
 
 
 
 
TABLE OF CONTENTS 
 
ABBREVIATIONS ................................................................................................. viii 
LIST OF FIGURES.................................................................................................. x 
LIST OF TABLES...................................................................................................xii 
ABSTRACT ............................................................................................................. 1 
Chapter 1- INTRODUCTION................................................................................... 4 
1.1 Hepatitis A virus ................................................................................................ 4 
1.1.1 Classification................................................................................................ 4 
1.1.2 Genome composition and Organization....................................................... 5 
1.1.3 Physicochemical properties ......................................................................... 8 
1.1.4 Life cycle and Replication ............................................................................ 9 
1.1.5 Pathogenesis and Immunity....................................................................... 13 
1.1.6 Disease...................................................................................................... 16 
1.1.7 Transmission ............................................................................................. 18 
1.1.8 Epidemiology ............................................................................................. 20 
1.1.9 Methods for the detection of Hepatitis A virus ........................................... 22 
1.1.9.1 Antibody detection................................................................................ 22 
1.1.9.2 Antigen detection ................................................................................. 22 
1.1.9.3 Nucleic Acid detection Tests ................................................................ 23 
1.1.10 Prevention and treatment......................................................................... 24 
1.2 Environmental issues and cultivation of bivalve molluscs  
in Ho Chi Minh City and the Mekong Delta, Vietnam..................................... 25 
  v 
1.2.1 Introduction to Ho Chi Minh City and the Mekong Delta, Vietnam ............. 25 
 
1.2.2 Bivalve mollusc cultivation in Ho Chi Minh City and  
the Mekong Delta Vietnam ......................................................................... 27 
1.2.3 Factors affecting the cultivation of bivalve molluscs .................................. 29 
1.2.4 Environmental threats to Ho Chi Minh City and  
the Mekong Delta, Vietnam...................................................................... 30 
1.3 The need for study of HAV in bivalve molluscs in Vietnam.............................. 32 
1.4 Project aims..................................................................................................... 35 
CHAPTER 2 - MATERIALS AND METHODS ....................................................... 37 
2.1. Materials......................................................................................................... 37 
2.1.1 General equipment .................................................................................... 37 
2.1.2 General chemicals ..................................................................................... 38 
2.1.3 Microbiological Media ................................................................................ 39 
2.1.3.1 Media and solution for isolation and identification  
of E. coli and fecal coliforms............................................................... 39 
2.1.3.2 Media and solution for isolation and identification  
of Salmonella spp. .............................................................................. 39 
2.1.4 Bacterial strains and virus stock ................................................................ 40 
2.1.4.1 Bacterial strains.................................................................................... 40 
2.1.4.2 Virus stock ........................................................................................... 40 
2.2 Methods........................................................................................................... 41 
2.2.1 General procedures ................................................................................... 41 
2.2.2 Samples collection and preservation ......................................................... 41 
2.2.2.1 Methodology for coding samples.......................................................... 41 
  vi 
2.2.2.2 Sampling schedule............................................................................... 42 
2.2.3 Microbiological methods ............................................................................ 45 
2.2.3.1 Isolation and identification of fecal coliforms and E. coli ...................... 45 
2.2.3.2 Isolation and identification of Salmonella spp. ..................................... 46 
2.2.4 Viral processing ......................................................................................... 47 
2.2.4.1 Isolation, purification and concentration of HAV particles .................... 49 
2.2.4.1.1 Seawater samples.......................................................................... 49 
2.2.4.1.2 Bivalve mollusc samples ................................................................ 50 
2.2.4.2 Viral RNA extraction............................................................................. 51 
2.2.5 Oligonucleotide primers and Reverse Transcription- Polymerase Chain 
Reaction (RT-PCR).................................................................................. 51 
2.2.5.1 Oligonucleotide primers ....................................................................... 51 
2.2.5.2 Reverse Transcription- Polymerase chain Reaction ............................ 52 
2.2.6 Optimization of hemi-nested- polymerase chain  
reaction conditions (hn-PCR) ................................................................... 53 
2.2.6.1 Mg concentration.................................................................................. 54 
2.2.6.2 Annealing temperature optimization..................................................... 54 
2.2.6.3 Primer concentration optimization........................................................ 55 
2.2.6.4 DNA titration......................................................................................... 55 
2.2.7 Agarose gel electrophoresis ...................................................................... 55 
2.2.8 Statistical analyses .................................................................................... 55 
CHAPTER 3 - RESULTS ...................................................................................... 56 
3.1 The HAV detection in Southern Vietnam using RT-hn-PCR............................ 56 
3.1.1 Optimization of hn-PCR conditions ............................................................ 56 
3.1.2 Sensitivity of the RT-hn-PCR for the detection of HAV in Vietnam ............ 57 
  vii 
3.2 The prevalence of HAV in bivalve mollusc and seawater samples  
in Southern Vietnam...................................................................................... 62 
3.3 The presence of E. coli, fecal coliforms, and Salmonella spp. in bivalve 
mollusc and seawater samples collected in Southern Vietnam..................... 64 
3.3.1 The presence of E. coli in seawater and bivalve mollusc samples ............ 68  
3.3.2 The presence of fecal coliforms in seawater  
and bivalve mollusc samples .................................................................. 70 
3.3.3 The detection of Salmonella spp. in seawater  
and bivalve mollusc samples ................................................................... 72  
3.3.4 The relationship between fecal coliforms, E. coli  
and environmental factors: Statistical analysis......................................... 73 
3.3.4.1 The relationship between E. coli, fecal coliforms  
and seasonal factors .......................................................................... 73 
3.3.4.2 The relationship between E. coli, fecal coliforms  
and tidal regime .................................................................................. 77 
3.4 The relationship between E. coli, fecal coliforms and HAV in Southern Vietnam 
and the applicability of the Europe Union’s sanitary controls (EC No. 
854/2004) for bivalve mollusc production in Vietnam. ................................... 83 
CHAPTER 4 - GENERAL DISCUSSION AND CONCLUSION ............................. 88 
REFERENCES...................................................................................................... 98 
APPENDICES ..................................................................................................... 111 
 
 
 
 
 
  viii 
 
 
 
ABBREVIATIONS  
 
°C  Degrees Celsius 
ANOVA  Analysis of variance 
bp  Base pair 
CDC  Centers for Disease Control and Prevention 
cDNA complimentary DNA 
dH2O  Distilled water 
DNA  Deoxyribonucleic acid 
dNTP  Deoxynucleotide triphosphate 
EC Escherichia coli broth 
EDTA  Ethylenediaminetetraacetic acid 
e.g.  exempli gratia, for example 
EMB  Eosin methylene blue agar 
et al  et alia, and other people 
EtBr  Ethidium bromide 
g  gram 
g  relative centrifugal force 
h  hour 
HAV  Hepatitis A virus 
hn-PCR  Heminested-Polymerase chain reaction 
L  Litre 
LST Lauryl Sulfate Tryptose broth 
mg  Milligram 
min  Minutes 
ml  Millliliter 
MPN Most probable number 
NaCl  Sodium chloride 
  ix 
PCR  Polymerase chain reaction 
PEG  Polyethylene glycol 
pfu  Plaque forming unit 
RNA  Ribonucleic acid 
RNase  Ribonuclease 
RT-PCR  Reverse Transcriptase-Polymerase chain reaction 
s  Seconds 
SPSS Statistical package for social scienes  
Ta  Annealing temperature 
TBE  Tris-Borate-EDTA 
TCID50  Tissue culture infective dose 50 
TE  Tris, EDTA buffer 
Tm  Melting temperature 
TSA  Tryticase soy agar 
TSI  Triple sugar iron agar 
UV Ultraviolet light 
V Volts 
v/v  Volume per volume 
VP  Voges-Proskauer 
w/v  Weight per volume 
WHO  World Health Organisation 
XLD  Xylose lysine deoxycholate agar 
µg  Microgram 
µl  Microlitre 
 
 
 
 
 
 
 
 
 
 
 
 
 
  x 
 
 
 
 
LIST OF FIGURES 
Figure1.1 Hepatitis A virus as viewed through electron microscopy......................  5 
Figure 1.2 Schematic representation of the genome organization of HAV ............. 6  
Figure 1.3 Life cycle of Hepatitis A virus showing fecal-oral route........................ 10 
Figure 1.4 Life cycle of HAV within infected hepatocytes ..................................... 12 
Figure 1.5 The change of antibody or virus concentration after HAV infection ..... 16 
Figure 1.6 Prevalence of antibody to hepatitis A virus .......................... 21 
Figure 1.7  Ho Chi Minh city and Mekong Delta Vietnam ..................................... 26 
Figure 1.8 Clam collections in Ben Tre, Vietnam.................................................. 29 
Figure 1.9 City dwellers- District 6, Ho Chi Minh City, Vietnam ............................ 31 
Figure 1.10 Cai Rang floating Market – Can Tho province, Vietnam.................... 32 
Figure 2.1 Sampling sites in Ho Chi Minh City  
and the Mekong Delta Vietnam ............................................................................. 43 
Figure 2.2 HAV processing of bivalve mollusc and seawater samples................. 48 
Figure 3.1 Electrophoresis profiles of RT-PCR and hn-PCR ................................ 59 
Figure 3.2 Sensitivity test of the hn-PCR assay for the detection  
of HAV-seeded extracts ........................................................................................ 60 
Figure 3.3 Electrophoresis profile of hn-PCR product from seawater and  
bivalve mollusc samples collected in Southern Vietnam in Aug of 2008 ............... 61 
Figure 3.4 Mean value of E. coli in seawater from the Mekong Delta,  
Vietnam and Ho Chi Minh City .............................................................................. 69 
  xi 
Figure 3.5 Mean value of E. coli in bivalve mollusc samples  
from the Mekong Delta, Vietnam and Ho Chi Minh City ........................................ 69 
Figure 3.6 Mean value of fecal coliforms in seawater samples  
from the Mekong Delta, Vietnam and Ho Chi Minh City ........................................ 71 
Figure 3.7 Mean value of fecal coliforms in bivalve mollusc samples 
from the Mekong Delta, Vietnam and Ho Chi Minh City ........................................ 71 
Figure 3.8 Mean values in MPN/100 g of E. coli and fecal coliforms  
in bivalve mollusc samples from Southern Vietnam .............................................. 74 
Figure 3.9 Mean values in MPN/100 ml of E. coli and fecal coliforms  
in seawater samples from Southern Vietnam........................................................ 76 
Figure 3.10 Mean values in MPN/100 g of fecal coliforms in  
bivalve mollusc samples from Southern Vietnam by tidal regime.......................... 78 
Figure 3.11 Mean values in MPN/100 g of E. coli in bivalve mollusc  
samples from Southern Vietnam by tidal regime................................................... 79 
Figure 3.12 Mean values of fecal coliforms in seawater samples  
from Southern Vietnam by tidal regime ................................................................. 81 
Figure 3.13 Mean values of E. coli in seawater samples  
from Southern Vietnam by tidal regime ................................................................. 82 
 
 
 
 
 
 
 
  xii 
 
 
 
LIST OF TABLES 
Table 2.1 Sampling schedule................................................................................ 44 
Table 3.1 Results of HAV detection in the individual samples of bivalve 
 molluscs and seawater in the Mekong Delta and Ho Chi Minh City ....................... 63 
Table 3.2 Summarization of HAV positive samples collected in  
 the Mekong Delta, Vietnam and Ho Chi Minh City ............................................... 64 
Table 3.3 Fecal coliforms and E. coli counts by MPN/100 ml  
or MPN/ 100 g and the presence of Salmonella spp. in the individual  
samples of bivalve mollusc and seawater samples ............................................... 66 
Table 3.4 Mean value of E. coli and fecal coliforms in bivalve mollusc  
samples by season................................................................................................ 74 
Table 3.5 Mean value of E. coli and fecal coliforms in seawater samples  
by season.............................................................................................................. 76 
Table 3.6 Mean value of E. coli and fecal coliforms in bivalve mollusc  
samples by tidal regime......................................................................................... 78 
Table 3.7 Mean value of E. coli and fecal coliforms in seawater  
samples by tidal regime......................................................................................... 81 
Table 3.8 Classification of bivalve mollusc ranks according to EU  
sanitary control legislation (EC No. 854/2004) ...................................................... 84 
Table 3.9 Bacterial and virus test results on bivalve mollusc  
and seawater samples in Southern Vietnam. ........................................................ 85 
  xiii 
Table 3.10 Fecal coliforms category and HAV crosstabulation............................. 86 
Table 3.11 Chi-Square Tests for correlation between HAV and fecal coliforms.... 86 
Table 3.12 E. coli category and HAV crosstabulation ........................................... 87 
Table 3.13 Chi-Square Tests for correlation between HAV and E. coli ................ 87 
 
 
 
 
 
 
 
 
Abstract 
 1 
 
ABSTRACT 
 
 
Vietnam has a large area for raising bivalve molluscs, especially in Southern 
Vietnam. Besides providing food with high nutritional value, bivalve molluscs have 
brought a significant source of income from exportation. However, water quality in 
the aquaculture areas are seriously polluted and there is a high potential of 
Hepatitis A virus (HAV) contamination in Vietnam. Bivalve molluscs are filter-
feeder species; therefore cumulative risk of pathogens in the body of them is 
huge. Vietnam currently has no monitoring system for virus in rearing areas as 
well as in food. This study was conducted to evaluate the level of microbial 
contamination and the prevalence of hepatitis A virus in bivalve mollusc and 
seawater samples of the breeding area in the Mekong Delta, Vietnam and to find 
the correlation between HAV and bacterial indicators in the samples. This study 
also assessed the applicability of the current used Europe Union’s sanitary 
controls for consumers (regulation EC no.854/2004) to bivalve mollusc production 
in Vietnam. 
 
One-hundred and twenty samples, comprising 60 seawater samples of rearing 
pond and 60 bivalve mollusc samples (clam) were collected from various regions 
in Ho Chi Minh City and Ben Tre province, Vietnam. The samples were collected 
in during 10 months, from August of 2008 to May of 2009 by different seasons and 
tidal regimes. The samples were isolated and identified for Salmonella spp., 
Escherichia coli and fecal coliforms. One-hundred percent of 120 samples were 
found to be contaminated with fecal coliforms and E. coli. However, Salmonella 
Abstract 
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spp. contamination in the samples was low (3.33%). The results showed that the 
level of fecal coliforms and E. coli in bivalve mollusc samples were higher than 
that in seawater samples. The results of statistical analysis showed that there 
were a significant difference in the level of fecal coliforms and E. coli 
contamination between the wet season and the dry season in both seawater 
samples and bivalve mollusc samples. The level of  fecal coliforms and E. coli 
contamination in the wet season were higher than that in the dry season. 
However, there were no significant difference in them between high tide and low 
tide. The level of  fecal coliforms and E. coli contamination in the high tide were as 
high as that in the low tide. 
 
The RT-hn-PCR protocol were set up to detect the presence of HAV in seawater 
samples and bivalve mollusc samples with high sensitivity. The results showed 
that the hn-PCR was able to detect 1 TCID50 per 25g of shellfish homogenate or 2 
liter of seawater sample.This protocol was then applied to detect HAV in the 120 
samples. The HAV was found in 21/120 (17.5%) of the total samples in which 4/60 
(6.67%) of seawater samples and in 17/60 (28.33%) of bivalve mollusc samples 
were contaminated with HAV. The presence of HAV in the wet season was higher 
than the dry season. The Chi-Square test showed that there was no correlation 
either between HAV and E. coli or between HAV and fecal coliforms in total 
samples and in each sampling site (Binh Dai, Ba Tri, Can Gio). 
 
The results of this study clearly demonstrate that E. coli and fecal coliforms are not 
effective indicators for microbiological safety of bivalve mollusc products in 
Southern Vietnam since they did not reflect the presence of HAV in the bivalve 
Abstract 
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mollusc products. In Vietnam, the currently used Europe Union’s sanitary controls 
(EC No. 854/2004) which mainly base on bacterial contamination for consumers to 
bivalve mollusc production should not be used as a sole assessment for the 
quality of bivalve mollusc products and it need to be modified. Improved shellfish 
depuration methods are needed to obtain virus-safe shellfish and reduce the risk 
for public health in Vietnam. In addition, this high level of viral contamination in 
shellfish in Ho Chi Minh city and the Mekong Delta Vietnam suggests that shellfish 
should properly cooked before consumption to avoid any potential health risks. 
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Chapter 1 
 INTRODUCTION 
1.1 Hepatitis A virus  
1.1.1 Classification  
Hepatitis A virus (HAV) is classified in the family Picornaviridae, and belongs to 
the genus Hepatovirus of which it is the sole member (Hollinger and Emerson, 
2007; Sherlock et al., 2008; Spradling et al., 2009). HAV has seven different 
genotypes, designated I to VII. Four of these, I, II, III, and VII have been 
associated with human disease (Nainan et al., 2006). Genotypes I and III which 
are further divided into subgenotypes A and B comprise most of the human HAV 
strains, with 80% of them being genotype I (Hollinger and Emerson, 2007).  
 
Genotypes II and VII each contain only by one human strain. Single 
representatives of genotypes II and VII were identified in individual patients from 
Sierra Leone and France (Lu et al., 2004). The other, genotypes IV, V, and VI, 
each include a single simian HAV strain (Arauz-Ruiz et al., 2001; Hollinger and 
Emerson, 2007; Lu et al., 2004; Spradling et al., 2009).  
 
Subgenotype IA is considered as a major cause of acute hepatitis worldwide and 
has been isolated from all parts of the world. Several studies have showed that 
many outbreaks of hepatitis A in United States are mainly related to subgenotype 
IA exhibiting more than 97% nucleotide sequence identity (Arauz-Ruiz et al., 2001; 
Chapter 1 - Introduction 
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Hollinger and Emerson, 2007). Subgenotype IB appears to occur in the 
Mediterranean region, whereas genotype III have been isolated from diverse 
sources such as drug abusers in Sweden and patients from India and Nepal 
(Ching et al., 2002; Lu et al., 2004). 
  
1.1.2 Genome composition and Organization 
HAV is a non-enveloped RNA virus, 27 to 32 nm diameter in size, with icosahedral 
symmetry (Hollinger and Emerson, 2007; Horn, 2005; Nainan et al., 2006;  
Spradling et al., 2009). Figure 1.1 shows an electron micrograph of hepatitis A 
virus. 
 
 
Figure1.1  Hepatitis A virus as viewed under electron microscopy. 
(Source: http://www.scottremley.com/viral_images/Hepatitis_A_Virus) 
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The HAV genome consists of a 7.5 kb single-stranded, linear RNA with positive 
polarity and a capsid containing multiple copies of three or four proteins. It has a 
similar genome organization to other Picornaviruses (Cuthbert, 2001; Hollinger 
and Emerson, 2007; Spradling et al., 2009). The genome can be divided into three 
regions: 5′ non-translated region (5′ NTR) that comprises approximately 10% of 
genome, a single open reading frame (ORF), and 3′ non-coding region (3′ NTR) 
(Hollinger and Emerson, 2007; Spradling et al., 2009). Figure 1.2 shows a 
schematic representation of the genome organization of HAV. 
  
 
Figure 1.2  Schematic representation of the genome organization of HAV (Gauss-
Muller et al., 2007). The HAV genome consists of 7474 nucleotides. 
There are three main regions in the genome: 5' untranslated (742 nt), ORF (6681 
nt), and 3' noncoding (63 nt). ORF is translated and simultaneously processed by 
a viral protease to make four structural proteins (VP1, VP2, VP3, VP4) and seven 
non-structural proteins (2A, 2B, 2C;  3A, 3B, 3C, 3D).  
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The 5′ NTR seems to be the most conserved region of the genome exhibiting 
more than 89% nucleotide sequence identity among seven strains representing 
genotype I, II, III (Brown et al., 1991). The 5′ NTR comprises approximately 735 to 
740 nucleotides in length, uncapped, covalently-linked to the genome encoded 
protein 3B (termed VPg) and contains an internal ribosomal entry site (IRES) 
(Hollinger and Emerson, 2007; Spradling et al., 2009). The 5′ NTR has a high level 
of secondary RNA structure comprising several complex stem-loop structures 
(Brown et al., 1991).  
 
According to Spradling et al. (2009) and Hollinger and Emerson (2007), the single 
ORF encodes all of the viral proteins, with regions designated as P1 for capsid 
protein and P2 and P3 for non-structural proteins considered to be involved in 
RNA synthesis, viral replication and virion formation. The coding P1 region is 
approximately 2,225 to 2,227 nucleotides in length and encodes the four major 
proteins of the viral capsid, VP1, VP2, VP3, and VP4. Capsid proteins are cleaved 
from the precursor polyprotein by the viral protease 3C, which is encoded in the 
P3 region. 
 
The 3′ NTR of 40 to 80 nucleotides, the translation terminator sequence, 
comprises a poly (A) tract and has a high variability (up to 20%) between HAV 
strains and mutants (Hollinger and Emerson, 2007; Sherlock et al., 2008; 
Spradling et al., 2009). 
 
Although HAV was successfully adapted to cell culture nearly 30 years ago, the 
HAV protein components have not been completely defined (Nainan et al., 2006).  
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1.1.3 Physicochemical properties 
Initial studies on the buoyant density of HAV particles purified from faeces 
samples of naturally acquired HAV patients and faeces samples from 
experimentally infected chimpanzees have produced different results with values 
ranging from 1.24 to 1.50 g/ml in CsCl. The differences in purification procedures 
and methods of determining buoyant density may cause these variations (Gust 
and Feinstone, 1988). Hollinger and Emerson, (2007) and Gust and Feinstone 
(1988) reported that mature HAV virions have a primary buoyant density of 1.32 to 
1.34 g/ml in CsCl and a sedimentation coefficient of 156 S to 160 S in neutral 
sucrose solutions. Empty capsid (lacking RNA), which are abundant in feces 
collected during early infection or as a variable proportion of particles from cell 
culture, band at approximately 1.2 and 1.29-1.31 g/ml in CsCl and sediment at 
approximately 50 S to 90 S, predominantly 70 S (Hollinger and Emerson, 2007; 
WHO, 2000). 
 
HAV virions are highly resistant to both physical and chemical agents. HAV 
replication is not affected by several agents that inhibit the growth of poliovirus 
and some other picornaviruses, including arildone, disoxaril, 3′-methylquercetin, 2-
amino-4,6-dichloropyrimidine, and 2-α-hydroxybenzul benzimidazole (Hollinger 
and Emerson, 2007). Gust and Feinstone (1988) and Hollinger and Emerson, 
(2007) reported that HAV will remain viable if it is stored at -20oC or below and 
infectivity can be preserved for at least 30 days after drying and storage at 25oC 
with 42% humidity. It has also been found to survive for days to months in 
experimentally contaminated fresh water, seawater, wastewater, soils, marine 
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sediment, live oysters, and cream-filled cookies (Hollinger and Emerson, 2007; 
WHO, 2000). 
 
HAV retains most of its infectivity when subjected to pH 1.0 for 2 hours at room 
temperature, and is still infectious at 5 hours (Hollinger and Emerson, 2007; WHO, 
2000). Due to the lack of a lipid envelope, HAV is resistant to lipid solvents such 
as 20% diethyl ether, chloroform, 50% triclorotrifluoroethane, and 
dichlorodifluoromethane (Gust and Feinstone, 1988; Hollinger and Emerson, 
2007; WHO, 2000). 
 
HAV is inactivated by some physical and chemical factors such as autoclaving 
(121oC for 20 minutes), chlorine (10 to 15 ppm residual chlorine concentration 
after 30 minutes; free residual chlorine concentration of 2.0 to 2.5 mg/L for 15 
minutes) or chlorine-containing compounds (sodium hypochlorite, 3 to 10 mg/L at 
20oC for 5 to 15 minutes), iodine (3 mg/L for 5 minutes), potassium permanganate 
(30 mg/L for 5 minutes), formalin (3% for 5 minutes at 25oC, or 8% for 1 minute at 
25oC), β-propiolactone (0,03% for 72 hours at 4oC), and ultraviolet radiation (1.1W 
at a depth of 0.9 cm for 1 minute, or 197 µW/cm2 for 4 minutes) (Gust and 
Feinstone, 1988; Hollinger and Emerson, 2007; WHO, 2000). 
 
1.1.4 Life cycle and Replication 
HAV is most commonly contracted via ingestion (Hollinger and Emerson, 2007; 
Sherlock et al., 2008; Spradling et al., 2009). After replication in the oropharynx, 
salivary glands and gastrointestinal tract (the primary sites of virus replication), the 
virus is transported to the major site of replication, the liver, where it is 
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subsequently released from liver cells into the bile and then excreted in the feces 
(Cohen et al., 1989; Lees, 2000; Cuthbert, 2001; Hollinger and Emerson, 2007). 
Figure 1.3 shows the life cycles of HAV.  
 
 
 
 
 
Figure 1.3   Life cycle of Hepatitis A virus showing fecal-oral route. 
(source:http://pathport.vbi.vt.edu/pathinfo/pathogens/HAV.html) 
 
 
 
The highest level of viral particles are detected in the stool during the initial acute 
2-week period followed by the onset of jaundice, and then levels decrease once 
jaundice is apparent (Tassopoulos et al., 1986). Children can shed virus for long 
period up to 10 weeks after the onset of clinical illness, whereas infants can shed 
HAV for up to 6 months (Robertson et al., 2000; Rosenblum et al., 1991). There is 
no evidence of chronic shedding of HAV in feces; however, recurrent shedding 
occurs in persons who have relapsing illness (Sjogren et al., 1987). Viremia is also 
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found at the same time when HAV particles are shedded in fecal during the 
incubation period (Hollinger and Emerson, 2007). 
  
HAV is similar to other picornaviruses in its preference to cytoplasmic replication 
(Collier and John, 2006; Horn, 2005). Clinical symptoms or an immunologic 
response does not occur during the incubation period (Nainan et al., 2006). 
  
Though the complete in the viral life cycle is not fully understood, a general 
overview of the process can be described based on prior studies in cultured 
monkey kidney and human cells (Feigelstock et al., 1998; Kaplan et al., 1996). 
The initial step of infection is when the virus has gained entry into the blood of an 
individual. The virus then circulates through the body to the liver. HAV binds via its 
envelope heterodimeric glycoproteins to a cellular receptor (HAVrc1), a mucin-like 
glycoprotein, on hepatocytes (Feigelstock et al., 1998; Kaplan et al., 1996). The 
binding of HAV and HAVcr1 leads to particle conformational changes and un-
coating of the virion (Silberstein et al., 2003). The virion uncoats and the viral RNA 
is released into the cytoplasm at about 4 h post-infection (Spradling et al., 2009). 
After releasing into the cytoplasm, the uncoated RNA genome is translated 
through an IRES-dependent mechanism requiring cellular initiation factor eIF4G to 
function (Borman and Katherine, 1997). 
 
To replicate its genome, the positive strand RNA of HAV serves as a template for 
negative strand RNA synthesis by the RNA-dependent RNA polymerase 3D. 
Then, this negative strand intermediate acts as a template for the synthesis of 
several positive strand RNA molecules, which can be translated into proteins, 
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replicated, or packaged into new virion (Spradling et al., 2009). The life cycle of 
HAV within infected hepatocytes is shown in Figure 1.4. 
 
 
 
 
Figure 1.4  Life cycle of HAV within infected hepatocytes (Gauss-Muller et al., 
2007). The replication cycle of HAV begins with (1) internalisation of virions into 
the hepatocyte. (2) Exposure of genomic + RNA strand and (3) translation of HAV 
proteins. (4) Formation of capsid and negative and positive RNA synthesis. The 
replicated genome is packaged (5) into the virion and (6) infectious particles are 
transported out of the cell.  
 
Packaging of the HAV viral RNA into a nucleocapsid appears to differ significantly 
from that of other picornaviruses, as it occurs via interaction with the core protein 
(Spradling et al., 2009). The presence of non-structural protein 2A appears to be 
essential for proper folding of the capsid protein precursor P1-2A (Morace et al., 
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2008). After VP1-2A junction releases the mature VP1 protein, pentamers 
containing fives copies each of the VP4-VP2, VP3, and VP1 polypeptides 
assemble into complete capsids (Cohen et al., 2002; Probst et al., 1999). 
Transportation to the membrane then occurs where the virions are assembled with 
their membrane-associated receptor binding proteins. The viral particles are then 
released from the infected cell by an unidentified mechanism (Spradling et al., 
2009). In general, the hepatocytes are not lysed by HAV infection (Gust and 
Feinsone, 1988). 
 
1.1.5 Pathogenesis and Immunity 
Humans and non-human primates (chimpanzees, owl monkeys, stump-tailed 
monkeys, and South American marmosets) are the only hosts known to be 
susceptible to infection with HAV. Both develop similar disease patterns which 
have been determined following experimental infection of non-human primates 
and observed following natural infection of humans (Hollinger and Emerson, 2007; 
Nainan et al., 2006; Spradling et al., 2009). Disease in non-human primates 
resembles that in humans but is usually milder (Hollinger and Emerson, 2007). 
Natural infection with HAV usually follows ingestion of virus from material 
contaminated with feces containing HAV (Hollinger and Emerson, 2007). The 
incubation period of hepatitis A is approximately 2-6 weeks, with an average time 
of about 28-30 days (Collier and Oxford, 2006; Hollinger and Emerson, 2007; 
Spradling et al., 2009). 
 
 After infection, HAV replicates in the liver, produces a viremia followed by 
excretion in the bile and shedding in the stools which is the major source of 
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infection (Hollinger and Emerson, 2007; Nainan et al., 2006; Tassopoulos et al., 
1986). The highest virus concentration in the stool occurs before the onset of 
jaundice, symptoms, elevation of liver enzymes, and then the shedding decreases 
once jaundice is apparent (http://pathport.vbi.vt.edu/pathinfo/pathogens/HAV.htm, 
2005; Nainan et al., 2006). 
 
Viremia precedes the appearance of the virus in the stool and liver for a short 
period of time, within 1 to 2 weeks following HAV exposure, and persists through-
out the period of liver enzyme elevation (Hollinger and Emerson, 2007; Nainan et 
al., 2006). Virus concentration in the serum is highest during the period that 
precedes onset of liver enzyme elevation, and is lower than that observed in the 
stool (Spradling et al., 2009).  
 
There are two main forms of the immune response following HAV infection known 
as cellular and humural immunity (Spradling et al., 2009; Hollinger and emerson, 
2007). Humural immunity is related to the production of antibodies against a 
specific virus in order to prevent infection of host cells, whilst cellular immunity 
leads to the destruction of infected cells. Some studies on humans have shown 
evidence of cell-mediated lysis of HAV–infected cells by natural killer cells and 
HAV-specific CD8+ cytotoxic T cells (Baba et al., 1993; Fleischer et al., 1990; 
Kurane et al., 1985; Vallbracht et al., 1989). However, the role of cell-mediated 
immunity in protection is not known (Spradling et al., 2009). 
 
A humoral immune response to HAV structural proteins occurs prior to onset of 
symptoms and comprises three classes of antibodies: Immunoglobulin M (IgM), 
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Immunoglobulin G (IgG), and Immunoglobulin A (IgA) (Nainan et al., 2006). The 
IgM is detectable at the onset of clinical illness and is always present by the onset 
of jaundice and declines over 80-200 days (Kao et al., 1984). The IgG antibodies 
appear soon after IgM and persist for years after infection (Nainan et al., 2006). 
The IgA is also produced during infection and can be detect in serum of HAV 
infection patients up to 12 months after the clinical onset by capture ELISA 
(Angarano et al., 1985). Both anti-HAV IgA and IgG can be detectable after a few 
days of the onset of symptoms (WHO, 2000). All of them, IgM, IgA, and IgG anti-
HAV, are detected in serum, saliva, bile, urine, and feces depending on the 
different stages of HAV infection (Amadoa et al., 2008; Hiroshi et al., 1998; 
Jacobson et al., 1995; Locarnini et al., 1977; Tokeshi et al., 1998). Figure 1.5 
shows the time-course of Hepatitis A virus infection. 
 
 
 
 
 
 
 
 
 
 
 
 
Chapter 1 - Introduction 
 16 
 
Figure 1.5 The change of antibody or virus concentration after HAV infection.  
(Source : http://pathport.vbi.vt.edu/pathinfo/pathogens/HAV.html) 
 
 
1.1.6 Disease 
The most significant clinical presentation of HAV infection is acute clinical hepatitis 
(Vitral et al., 2006). Hepatitis A is almost self-limiting and can produce effects that 
range from lack of symptoms (particularly in young children) to fulminant hepatitis 
and death. However, chronic liver disease or persistent infection following infection 
is unknown (Collier and John, 2006; Harrison et al., 2009; Nainan et al., 2006; 
Spradling et al., 2009; Vitral et al., 2006). There are a number of factors that 
affected the time-course of disease such as age, gender, and physical condition of 
the patient at the onset of disease (http://pathport.vbi.vt.edu/pathinfo/pathogens/ 
HAV.html). In children less than 6 years of age, most infections (70%) are 
asymptomatic (Hadler et al., 1980; Vitral et al., 2006), and if illness does occur, it 
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is usually mild, anicteric with infection detected only by biochemical evidence of 
liver dysfunction or by serological tests. However, infection in older children and 
adults is usually symptomatic (Al-Aziz and Award, 2008), with jaundice occurring 
in more than 70% of patients (Lednar et al., 1985). Typical symptoms are dark 
urine (94%), lassitude and loss of appetite (90%), nausea (87%), weakness 
(77%), fever (75%), vomiting (71%), headache (70%), abdominal discomfort 
(65%), paler feces (52%), myalgia (52%), drowsiness (49%), irritability (43%), 
itching (42%), constipation (29%), diarrhea (25%), arthralgia (21%), sore throat 
(20%), running nose (14), cough (7%) , all of which usually last less than 2 months 
and followed by complete recovery (Gust and Feinstone, 1988). However, about 
15-20% of the patients may develop prolonged or relapsing disease lasting up to 6 
months (Sjogren et al., 1987), and HAV has been detected in serum for as long as 
6 to 12 months after infection (Bower et al., 2000). 
 
Fulminant hepatitis is a rare complication of hepatitis A (<10% of cases) and 
frequently occurs in the elderly (Vitral et al., 2006). However, O’Grady (1992) 
reported that up to 20% of fulminant hepatitis A case have found in some North 
European countries.  
 
 
 
 
 
1.1.7 Transmission 
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HAV is generally transmitted by the fecal-oral route, by person-to-person contact 
and also ingestion of contaminated food or water (Vitral et al., 2006; WHO, 2000). 
Enteric (faecal-oral) transmission via person-to-person contact within the 
household is the predominant way of spreading the disease (20-50%) (Nainan et 
al, 2006). In addition, there are other potential sources of infection including men 
having sex with men (MSM), travel to countries where HAV is endemic, illicit drug 
use and transfusion of blood or blood products (Hollinger and Emerson, 2007; 
Spradling, 2009; WHO, 2000). 
 
Personal contact: Most transmission occurs among close contacts in households 
(Staes et al., 2000). Large families, household over crowding, poor education, 
inadequate human-waste disposal systems, and mixing with other children in day-
care centres are all linked with HAV endemicity and outbreaks (Koff, 1998; 
Sadetzki et al., 1999). 
 
MSM: Oral-anal homosexual practices, digital rectal intercourse, and high 
numbers of sexual partners have been associated with an increased risk of HAV 
transmission (CDC, 1999; Koff, 1998). 
 
Illicit drug use: Drug users who inject are also at increased risk, presumably 
through a combination of poor personal hygiene resulting in fecal contamination of 
the shared injection equipment, exposure to infected blood in shared needles, and 
possible contamination of the illicit injected drugs during transport in the intestine 
after swallowing or carriage in the rectum (Koff, 1998). 
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International travel: Persons such as tourists, missionaries, military personnel, and 
others from regions of low endemicity travelling to regions of high HAV endemicity, 
often developing countries, are at substantial risk for acquiring hepatitis (CDC, 
1999). 
 
Food and water: The fecal contamination from a single source, such as drinking 
water, milk or food usually results in explosive epidemics of hepatitis A within 
communities or confined populations (Hollinger and Emerson, 2007). Food 
products can be contaminated by HAV at any point during cultivation, harvesting, 
processing, distribution, or preparation (Fiore, 2004). Consumption of 
contaminated uncooked or undercooked food, such as bivalve molluscs, and 
foods that are contaminated after cooking by an infected food handler, has led to 
large numbers of outbreaks and, occasionally, outbreaks affecting hundreds of 
thousands of people and even causing death (Chironna et al., 2004; Koff, 1998; 
WHO, 2000). According to Lees (2000), hepatitis A is the most serious virus 
infection related to shellfish consumption, for example an outbreak in Shanghai 
China in 1988 caused illness in 300,000 persons associated with consumption of 
clams (Halliday et al., 1991). Many other outbreaks in the world have been 
reported to be associated with food consumption such as contaminated water 
(David, 2004; Yao, 1991), mussels (Fleet et al., 2000; Stroffolini et el., 1990), 
clams (Bosch et al., 2001; Leoni et al., 1998), ice slush beverages (Beller, 1992), 
green onions (Amon et al., 2005; CDC, 2003; Dato et al., 2003; Dentinger et al., 
2001; Wheeler et al., 2005), contaminated lettuce (Rosenblum et al., 1990), frozen 
strawberries (Hutin et al., 1999; Niu et al., 1992), raw oysters (Becel et al., 2009; 
Desenclos et al., 1991; Fleet et al., 2000), blueberries (Calder et al., 2003), 
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raspberries (Ramsay and Upton, 1989; Reida and Robinson, 1987), raw beef 
(Robesyna et al., 2009), fresh water prawn (Fleet et al., 2000), and other salads 
(Hooper et al., 1977; Lowry et al., 1989; Nygard et al., 2001; Osterholm et al., 
1980). There are recent cases in Australia associated with semi-dried tomatoes 
causing 200 notifications of hepatitis A cases in 2009 
(http://www.news.com.au/breaking-news/national/hepatitis-outbreak-linked-to-
semi-dried-tomatoes/story-e6frfku9-1225793533916). It seems that waterborne 
transmission of hepatitis A is less common than transmission by food and 
predominates in developing countries (Nainan et al. 2006). 
 
1.1.8 Epidemiology 
Viral hepatitis A is endemic in all parts of the word and is one of the most common 
causes of infectious jaundice in the world today (Hollinger and Emerson, 2007). 
There are about 1.5 million clinical cases of hepatitis A each year worldwide 
(Horn, 2005; WHO, 2000), and the highest prevalence of infection occurs in 
regions with low standards of sanitation and the lowest socioeconomic levels 
(Nainan et al., 2006; Spradling et al., 2009; Vitral et al., 2006). Africa, Latin 
America, The middle East, and parts of Asia are areas of high endemicity where 
the majority of infections occur in early childhood and show the highest prevalence 
of anti-HAV (up to 90% in adults) (Spradling et al., 2009). Some countries in Asia 
and Europe are of intermediate endemicity where 50-60% of adults and 20-30% of 
10-year-old children are infected (Spradling et al., 2009). In North America and 
Western Europe, where few persons are infected in childhood and the majority of 
the population remains susceptible throughout adulthood, show low or very low 
endemicity (CDC 2006). In Australia, according to the statistic of the National 
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Notifiable Disease Surveillance System (NNDSS), there were about 1500 – 3000 
cases of HAV infection per year from 1991-1999 (Fleet et al., 2000). Figure 1.6 
shows the presence of antibody to hepatitis A virus in the world. 
 
 
Figure 1.6  Prevalence of antibody to hepatitis A virus (CDC, 2006). 
Note: High and intermediate incidence of hepatitis A in Africa, South America, 
Greenland and parts of Asia. In  north America, western Europe, and Australia 
show low endemicity. 
 
 
In developing countries, the incidence of disease in adults is relatively low 
because of prior exposure to the virus in the childhood which usually is 
asymptomatic or mild (Aggarwal et al., 1999; CDC 2006). In contrast, in developed 
countries, HAV infection is less common (low endemicity), but the proportion of 
susceptible individuals is high and community-wide outbreaks may occur (Al-Aziz 
and Award, 2008; CDC, 2006; Wu et al., 2001). 
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1.1.9 Methods for the detection of Hepatitis A virus 
The detection of Hepatitis A virus in infected human, food or water is very 
important for diagnosis. However, detection of HAV presents a significant 
challenge due to the low concentration of HAV in samples. Several concentration 
methods for HAV have already been described. These methods include 
immunomagnetic capture, organic flocculation, polyethylene glycol precipitation 
and adsorption-elution (filtration through negatively or positively charged 
membranes) (Brassard et al., 2005). The adsorption-elution from microporous 
filters seems to be the most promising method for viruses concentration (Kittigul et 
al., 2000, 2006). It has been recommended as a standard method for virus 
concentration from water and wastewater (American Public Health Association 
1998). PEG has been successfully utilized for concentration of HAV in shellfish (Di 
Pinto et al., 2004; Macaluso et al., 2006; Milne et al., 2007; Sincero et al., 2006). 
The currently used methods for the detection of HAV are as follows: 
 
1.1.9.1 Antibody detection 
IgM, IgA, IgG anti-HAV usually appear at different periods following infection (Fig 
1.5). Jindal et al (2002) and Poddar et al (2002) reported the utility of a number of 
commercially available assays for the detection of IgM and total anti-HAV. 
According to Cuthbert (2001), IgM anti HAV has been used as the primary marker 
of acute infection. Methods used for the detection antibody include: 
radioimmunoassay (Purcell et al, 1976), immunochemical staining (Huang et al., 
1979), immunoblotting (Wang et al., 1996), enzyme-linked immunosorbent assay 
(Delem, 1992), and dot immunogold filtration (Shao et al., 2003; Wu et al, 1999). 
However, a significant limitation of commercially available assays for the detection 
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of IgM is that they can only be used for a short period (6 months) after the onset of 
infection (Stapleton, 1995). Commercially available assays now can detect total 
anti-HAV (both IgG and IgM antibodies). 
 
1.1.9.2 Antigen detection 
Antigen detection can also be used to detect HAV in cell culture or in clinical and 
environmental samples by using radioimmunoassays and enzyme immunoassays 
(Hollinger and Emerson, 2007; Moritsugu et al., 1976). In addition, HAV can be 
cultured in several cell types including primary and secondary African green 
monkey kidney cells (Daemer et al., 1981), human hepatoma tissue (Hollinger and 
Emerson, 2007) and fetal rhesus monkey kidney cells (Flehmig, 1980). It is 
detected by common methods such as radioimmunofocus assay (Lemon et al., 
1983), fluorescent focus assay, in situ radioimmuno assay (Siegl et al., 1984), and 
in situ hybridization (Jiang et al., 1987). HAV can also be detected in clinical and 
environmental samples by immuno electron microscopy using homologous 
antiserum (Feinstone et al., 1973). 
 
1.1.9.3 Nucleic Acid detection tests 
Molecular methods for the detection of HAV are more sensitive than 
immunoassays (Nainan et al., 2006). These include: restriction fragment length 
polymorphism (Goswami et al., 1997), PCR-Southern blot (Buti et al., 2001; 
Calder et al., 2003), nucleic acid hybridization (Zhou et al., 1991), antigen capture 
PCR (Jansen et al., 1990), PCR-Single-Strand conformational polymorphism 
(PCR-SSCP) (Fugiwara et al., 2000; Goswami et al., 1997), nucleic acid 
sequencing-based amplification (Jean et al., 2001 and 2002), and RT-PCR 
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(Yotsuyanagi et al., 1996). Among these methods, the RT-PCR has been widely 
being used for the detection of HAV RNA due to its speed and sensitivity (Morace 
et al., 2002; Nainan et al., 2006; Parshionikar et al., 2004). The RT-PCR method 
has since been refined to improve sensitivity such as by using RT-nested PCR 
(Sunen et al., 2004), RT-hn-PCR (Kittigul et al., 2006), RT-multiplex PCR (Jun et 
al., 2002; Phan et al., 2005), and real-time RT-PCR (Dubois et al., 2007; 
Yoneyama et al., 2007).  
 
1.1.10 Prevention and treatment 
According to Mushahwar (2004) and Horn (2005), HAV is primarily transmitted 
from person-to-person via the fecal-oral route; therefore, good personal hygiene, 
high quality standards for public water supplies and proper disposal of sanitary 
waste are the most important factors in preventing viral infection. Within the 
household, personal hygiene includes frequent hand washing after bowel 
movement and wearing gloves before food preparation (Mushahwar, 2004; 
Spradling et al., 2009). Hollinger and Emerson (2007) also suggested that the 
avoidance of work practices that facilitate contamination of hands when taking 
care of children younger than 2 years is important. 
 
Infection by HAV is acute and generally self-limiting (Spradling et al., 2009; WHO, 
2000) and there is no specific treatment for hepatitis A. Some prior studies 
reported that HAV may sometimes cause fulminant hepatitis and death, but 
chronic hepatitis A is unknown (Horn, 2005; Spradling et al., 2009). Prevention is 
the most effective method against the disease (Mushahwar, 2004).  
 
Chapter 1 - Introduction 
 25 
There are several inactivated hepatitis A vaccines which provide long-term 
protection for about 20 years (WHO, 2000) such as Havrix® (SmithKline 
Beecham), Vaqta® (Merck), Avaxim® (Pasteur Merieux), Epaxal® (Berna), 
Twinrix® (SmithKline Beecham) (Mushahwar, 2004; Spradling et al., 2009). In 
addition, attenuated HAV vaccines have been used in China (The H2-strain 
vaccine and the LA-1 vaccine) (Hollinger and Emerson, 2007; WHO, 2000). 
 
1.2 Environmental issues and cultivation of bivalve molluscs in Ho Chi Minh 
City and the Mekong Delta, Vietnam 
1.2.1 Introduction to Ho Chi Minh City and the Mekong Delta, Vietnam 
The Mekong Delta, where the Mekong River makes a network of tributaries is 
located in the southwestern Vietnam and comprises 13 provinces.  The Mekong 
River is one of the major rivers of the world, estimated at 4,350 km in length, 
running from the Tibetan Plateau (the highest and biggest plateau) through China, 
Myanmar, Thailand, Laos, Cambodia and Vietnam. The Mekong Delta in Vietnam 
is the most downstream part of the Mekong River basin. The  Mekong Delta in 
Vietnam is shown in green in Figure 1.7. 
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Figure 1.7  Ho Chi Minh city and Mekong Delta Vietnam. The Mekong Delta 
Vietnam including 13 provinces are shown in green color. 
(Source : http://en.wikipedia.org/wiki/Mekong_Delta) 
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Located in the north of the Mekong Delta, Ho Chi Minh City also has a network of 
canals and rivers, especially the Sai Gon River which rises from the north of Ho 
Chi Minh City and comprises seven main waterways and drainage systems in the 
city. The east of Ho Chi Minh City is contiguous with the East Sea and forms large 
estuarine tidal flats suitable for bivalve mollusc cultivation. In Ho Chi Minh city and 
the Mekong Delta region, there are two seasons: the dry season from December 
to April and the wet season from May to November. 
 
1.2.2 Bivalve mollusc cultivation in Ho Chi Minh City and the Mekong Delta 
Vietnam 
Exportation of aquatic produce plays an important role in Vietnam’s economy and 
bivalve mollusc cultivation in Ho Chi Minh City and Mekong Delta has developed 
significantly since 1999. Currently, seafood species cultivated in the Mekong Delta 
are exported to more than 130 countries in the world such as USA, EU, Japan, 
China, Taiwan, Korea, and Australia. Of these exported seafood species, bivalve 
molluscs such as Blood Cockle (Andara granosa), Undulating Venus (Paphia 
undulata), Hard Clam (Meretrix lyrata), Japanese Moon Scallop (Amussium 
japonicum), and Noble Scallop (Chlamys nobilis) have a significant value. 
 
In the Mekong Delta, Vietnam, bivalve mollusks are mainly cultivated in the seven 
coastal provinces, including Bac Lieu, Tien Giang, Ben Tre, Ca Mau, Kien Giang, 
Tra Vinh, and Soc Trang (Starr, 2009; http://www.mekongfish.net.vn/uploads/ 
chuyendethuysan/kythuatnuoi/nuoingheu.htm). 
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In total, 26 species of bivalves such as clams, cockles, mussels, scallops and 
oysters found in Vietnam. Lyrate hard clam (Meretrix lyrata), Asiatic hard clam 
(Meretrix meretrix), and Blood cockle (Anadara granosa) are three of the most 
famous species found in Mekong Delta, Vietnam; especially in the Ben Tre, Ca 
Mau and Tien Giang provinces (Starr, 2009). Most bivalve mollusc cultivation 
occurs in estuarine tidal flats. Ben Tre has the biggest area for bivalve mollusc 
cultivation in Vietnam, currently with a total area of 15,000 hectares and expected 
to increase to 20,000 hectare in the near future (http://vovnews.vn/Home/Con-
ngheu-Ben-Tre-duoc-cap-chung-nhan-tieu-chuan-quoc-te/200912/128827.vov). 
According to Ben Tre Government statistics, the annual gross volumes of clam 
range between 100,000 and 150,000 tons and generate $20 million per year of the 
$37.2 million total income of bivalve mollusc exportation in Vietnam 
(http://www.bannhanong.vietnetnam.net/home.php?cat_id=13&id=2091&kh; 
http ://www.bentre.gov.vn/english/index.php?option=com_content&task=view&id=
279&Itemid=1). 
  
Since 2009, Ben Tre’s clam exports have been certified by the Marine 
Stewardship Council, a British-based global certification and eco-labelling 
programme for sustainable seafood production (Starr, 2009; 
http://www.bentre.gov.vn/english/index.php). Ben Tre now exports cooked frozen 
clams to European markets, Korea, China and Japan. 
(http://thongtinthuongmaivietnam.vn). Figure 1.8 shows the collection of clams in 
Ben Tre province, Vietnam. 
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Figure 1.8  Clam collections in Ben Tre, Vietnam  
Source: http://www.bentre.gov.vn/english/index.php  
 
Although smaller than Ben Tre province, the total area of bivalve mollusc 
cultivation in Ho Chi Minh City is more than 1,300 hectares and  the annual gross 
volumes of clams range between 15,000 and 20,000 tons 
 (http://www.vietlinh.com.vn/dbase/VLTTShowContent.asp?ID=8039). 
 
1.2.3 Factors affecting the cultivation of bivalve molluscs 
There are many factors affecting bivalve mollusc cultivation such as physical 
(temperature, salinity, and substrate), biological (predator, disease) and chemical 
factors (dissolved nutrients, oxygen and pollutants) (Laing et al., 2006). 
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Water temperature and salinity are the two major environmental factors that not 
only control marine species distribution but also influence the physiological 
processes of marine and estuarine organisms (Tang et al., 2005). According to 
Helm et al (2004), water temperature is one of the most important of all the factors 
that impinge on growth, development and survival of larvae in culture because the 
metabolic rate is dictated by the temperature of the water in which they swim. 
Liang et al (2006) also stated that water temperature has a major effect on the 
seasonal growth of bivalves and may be largely responsible for any differences in 
observed growth rates between sites. Although changes in salinity does not affect 
the growth of bivalves as much as variation in temperature, most bivalves will 
usually only feed at higher salinities (Liang et al., 2006). 
 
The substrate is also important in bivalve cultivation because it provides shelter. 
For example, cultivation of oysters and mussels requires sediment sufficiently firm 
to prevent them from sinking and smothering; whereas, scallop and clam 
cultivation requires softer sediment, such as mixtures of mud and sand. Hard 
sediments are unsuitable for these species and will lead to loss of stock as they 
are unable to bury themselves sufficiently to avoid predation (Liang et al., 2006). 
 
1.2.4 Environmental threats to Ho Chi Minh City and the Mekong Delta, 
Vietnam 
Associated with recent rapid development, Ho Chi Minh City and the Mekong 
Delta now face many environmental problems. Water pollution in the Sai Gon 
River is the most serious environmental issue in Ho Chi Minh City. According to 
the Department of Science Technology and Environment (DOSTE, 2002), 
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everyday, about 479,000 m3 of domestic wastewater from 7 million people is 
discharged directly to the river without treatment. In addition, wastewater from 
hospitals, school and the leakage of wastewater from waste sites of the city is also 
a source of pollution. Figure 1.9 shows city dwellers in District 6, Ho Chi Minh City. 
 
 
 
 
 Figure 1.9  City dwellers- District 6, Ho Chi Minh City, Vietnam (2008) 
 
 
In the Mekong Delta, wastewater, organic waste and stools from approximately 18 
million people are also discharged directly to canals and rivers. The fact that there 
are so many floating markets and the habit of rural people discharging faeces 
directly into canals and river is a significant cause of water pollution. Figure 1.10 
represents a floating market in the Mekong Delta, Vietnam. 
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Figure 1.10  Cai Rang floating Market – Can Tho province, Vietnam (2008) 
 
 
Moreover, the Mekong Delta the most downstream part of the Mekong River Basin 
and is affected by annual floods. In addition, upstream waste discharges causes 
changes in the river basin leading to poor water quality. 
 
1.3 The need for study of HAV in bivalve molluscs in Vietnam 
The exportation of cultivated bivalve molluscs such as Blood Cockle (Andara 
granosa), Undulating Venus (Paphia undulata), Hard Clam (Meretrix lyrata), 
Japanese Moon Scallop (Amussium japonicum), and Noble Scallop (Chlamys 
nobilis) play an important role in Vietnam’s economy. Export of living bivalve 
mollusc products brings profits higher than export the products have passed initial 
processing. However, the living product of Vietnam has not ensure food safety 
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and hygiene so it has not been endorsed by the importing countries such as EU, 
Janpan and Canada.  
 
In Vietnam, sewage sources containing many hazard factors such as human 
pathogens are directly discharged into river systems without treatment. In addition, 
some prior studies have indicated that fecal viruses in sewage can not be 
inactivated completely by sewage treatment process (Mullendore et al., 2001; 
Richards, 2001; Sincero et al., 2006; Tree et al., 2005; Van den Berg et al., 2005). 
Bivalve molluscs such as oysters, clams, and mussels are filter-feeders, therefore, 
human pathogens, such as enteric viruses, become concentrated within them 
(Casas et al., 2007; Kingsley et al., 2001, 2002; Kingsley, 2007; Macaluso et al., 
2006; Mullendore et al., 2001; Sincore et al., 2006; Sunen et al., 2004), and can 
cause disease outbreaks by consumption of raw or un-cooked bivalve molluscs. 
Many outbreaks of clinical hepatitis linked to consumption of raw or uncooked 
shellfish have been reported (Desenclos et al., 1991; Goh et al., 1984; Halliday el 
al., 1991; Mele et al., 1989). 
 
In addition, Vietnam is high endemic region for hepatitis (Hayashi et al., 2009; Huy 
et al., 2003; Spradling et al., 2009; Van et al., 2007).  A study by Hau et al. (1999) 
found that the prevalence of anti-HAV IgG in people at the Mekong Delta, Vietnam 
was 97 percent.  
 
The European Union recognised infectious disease hazards associated with 
shellfish consumption and enacted several sanitary controls for shellfish 
production from member and non-member states, such as the European Directive 
Chapter 1 - Introduction 
 34 
91/492/EEC (Romalde et al., 2002), EC regulation no. 854/2004 (Husman et al., 
2007). These regulations rely entirely on bacteria as an indicator of fecal 
contamination, such as fecal coliforms and E. coli, and describe the requirements 
such as clean growing areas, hygiene conditions for processing (Husman et al., 
2007; Macaluso et al., 2006). The EU standards for microbiological quality; 
however, failed to prevent the occurrence of shellfish-associated viral disease 
outbreaks (Casas and Sunen, 2001; Cacas et al., 2007; Chirona et al., 2002; 
Ribao et al., 2004; Romalde et al., 2001, 2002). Therefore, a new regulation was 
enacted immediately after (EC, No. 2073/2005) and included viral parameters to 
guarantee safety for human consumption of shellfish (Cacas et al., 2007). 
However, in Vietnam, EC regulation no. 854/2004 has been used as a sole 
assessment for quality of bivalve mollusc products. 
 
Detection of viruses directly in food or water before they are supplied to 
consumers would be another efficient way to prevent the transmission of these 
viruses. Molecular methods such as RT-PCR (reverse transcription–polymerase 
chain reaction) are increasingly being used to detect HAV (Casas and Sunen, 
2001; Le Guyader et al., 1993). Although there are some prior studies on HAV in 
bivalve molluscs elsewhere in the world (Chirona et al., 2002; Coelho et al., 2003; 
Croci et al., 2007; Macaluso et al., 2006; Romalde et al., 2002), to our knowledge 
no studies on the prevalence of HAV in bivalve molluscs and foods in Vietnam has 
been undertaken. 
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1.4 Project aims 
The main objectives of this study were to establish a protocol for detection of HAV 
in bivalve molluscs using the RT-PCR technique and applying this protocol to 
evaluate the prevalence of HAV in bivalve mollusc (clam) and water samples in Ho 
Chi Minh City and the Mekong Delta, Vietnam. This study also investigated the 
relationship between microbial indicators  of water quality and the occurrence of 
HAV in bivalve mollusc cultivation areas in Vietnam. 
 
The research objectives of this project  are as follows: 
1. To apply RT-PCR technique for the detection of HAV in bivalve molluscs.  
RT-PCR techniques have been developed for the detection of HAV in bivalve 
mollusc and water samples elsewhere in the world, and it has been shown to be a 
rapid and sensitive method. This study was conducted to apply RT-PCR technique 
for the detection of HAV in bivalve mollusc and seawater samples in Southern 
Vietnam. 
 
2. To determine the prevalence of HAV in bivalve molluscs in the Southern, parts 
of Vietnam.  
In Vietnam, most of sewage and domestic waste water are directly discarded to 
river system. Shellfish (clams) are filter-feeders and pathogens may become 
concentrated within them. This study were undertaken to ascertain the prevalence 
of HAV in three bivalve mollusc producing regions of Southern Vietnam. 
 
3. To investigate the presence level of bacterial indicators such as E. coli, fecal 
coliforms and Salmonella spp. that derived from faecal contamination.  
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Bacterial indicators were collected in different season (wet and dry season) and 
tidal regime (high and low tide). Statistical analyses were conducted to clarify the 
correlation between bacterial indicators and the environmental factors. 
 
4. To assess the applicability of the current used Europe Union’s sanitary controls 
for consumers (regulation [EC] no.854/2004) to bivalve mollusc production in 
Vietnam.  
The current EU sanitary controls regulations are based on bacteriological 
indicators. However, some previous studies stated that there was no relationship 
between bacteriological indicators and HAV. Therefore, a comparison of 
bacteriological parameters with the presence of HAV in seawater and bivalve 
mollusc samples using RT-PCR technique were undertaken in this study. 
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Chapter 2 
 
 MATERIALS AND METHODS 
 
2.1. Materials 
2.1.1 General equipment 
Product Supplier 
Balance: 
- Analytical balance (0.001-210g) 
- Balance (0.1- 500g) 
 
Sartorius Gottingen, Germany 
Centrifuge: 
- Eppendorf centrifuge  
- Optima™ L-100 XP Ultracentrifuge 
 
Eppendorf Geratebau, Germany  
Beckman Coulter, USA 
Centrifuge tubes (1.5, 2.0, 10, 50 ml) Greiner, Germany 
Centriprep concentrator Millipore, USA 
Dry block heater Memmert Co., Germany 
Electrophoresis Power Supply 
(Power PAC 300) 
BioRad Laboratories, USA 
Electrophoresis Unit (mini gel) BioRad Laboratories, USA 
Freezer – 20oC, - 70oC Sanyo Co., Japan 
Fridge 4oC Sanyo Co., Japan 
Gel Doc image system 
(Bio-Rad Gel Doc 2000) 
BioRad, USA 
Orbital shaker UK Labs Direct, UK 
Incubator Memmert Co., Germany 
PCR thermal cyclers 
- GeneAmp®PCR System 9700 
- Eppendorf Mastercycler personal 
 
Applied Biosystem, USA 
Gene Co. Ltd., Hongkong 
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Microflow advanced Bio safety cabinet – 
class II 
Microflow , UK 
Micropipette  Bio-rad, USA 
Petri dish (Duroplan® Petri dish) Duran Schott, Germany 
pH metter Focus Technology Co., China  
Stomacher Bioscience International Co. 
Waring blender Philips Co., Dutch 
Waterbath Memmert Co., Germany 
 
2.1.2 General chemicals 
Product Supplier  
Bacteriological agar Oxoid Ltd., England 
Chloroform Sigma-Aldrich, USA 
GeneRulerTM 100 bp DNA Ladder Fermentas, USA 
Isopropanol  Sigma-Aldrich, USA 
Methyl red Sigma, USA 
PCR Master Mix Kit Fermentas, USA 
Peptone  Oxoid Ltd., England 
Phosphate buffered saline (PBS) Oxoid Ltd., England 
Polyethylene glycol (PEG) Invitrogen, USA 
Primers  Sigma-Aldrich®, USA 
QIAmp Viral RNA extraction kit Qiagen, Germany 
Sodium chloride Merck, USA 
Sulfuric acid Merck, USA 
TBE Buffer, 10X Promega, USA 
The SuperScript™ III One-Step RT-PCR 
System with Platinum® Taq DNA 
polymerase kit 
Invitrogen, USA 
UltraPure Agarose Invitrogen, USA 
UltraPure™ DEPC-treated Water Invitrogen, USA 
UltraPure Glycine Invitrogen, USA 
UltraPure 10 mg/ml Ethidium Bromide Invitrogen, USA 
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Ultra Pure 1 M Tris-HCI, pH 8.0 Invitrogen, USA 
 
2.1.3 Microbiological Media 
All microbiological media used in this thesis were prepared by the media room of 
the Research Institute of Biotechnology and Environment, using Oxoid ingredients 
in accordance with the manufacturer’s instructions. 
 
2.1.3.1 Media and solution for isolation and identification of E. coli and fecal 
coliforms 
- Peptone Water (0.5%) 
- Lauryl Sulfate Tryptose (LST) broth 
- Escherichia coli (EC) broth 
- Levine’s Eosin Methylene Blue (L-EMB) agar 
- Tryptic Soy Agar (TSA) 
- Methyl Red test reagent  
- Indole Reagent (Kovac’s) 
- Simmons Citrate Agar 
- Voges-Proskauer (V-P) Test Reagents 
- Nutrient Agar (NA) 
 
2.1.3.2 Media and solution for isolation and identification of Salmonella spp.  
- Buffered Peptone Water (BPW)  
- Rappaport-Vassiliadis Soya Peptone Broth (RVS) 
- Xylose-Lysine-Deoxycholate (XLD) Agar  
- Triple Sugar Iron Agar (TSI)  
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- Tryptic Soy Agar (TSA)  
- Tryptone Broth (1%)  
- Urea Agar (Christensen’s)  
- Decarboxylase Basal Medium (Arginine, Lysine, Ornithine)  
- Salmonella Polyvalent O antiserum 
- Salmonella Polyvalent H antiserum 
 
2.1.4 Bacterial strains and virus stock 
2.1.4.1 Bacterial strains 
The two bacterial strains used as controls were E. coli (positive control) and 
Enterobacter aerogenes (negative control). Enterobacter aerogenes did not 
produce positive reactions on EMB and was indole-negative, methyl red–
negative, Voges-Proskauer–positive, and citrate–positive. A Salmonella spp. 
strain was also used as control for Salmonella detection. These strains were 
supplied by Ms Trang, Biological Laboratory, Research Institute of Biotechnology 
and Environment, Ho Chi Minh City, Vietnam. 
 
2.1.4.2 Virus stock 
The HAV strain HM175 was kindly provided by Dr. Phat, Department of HAV 
vaccine, VaBiotech Company (National Institute of Hygiene and Epidemiology, 
Vietnam). The HAV strain was supplied as a virus pool containing 105 TCID50 per 
ml and was used as a positive control for HAV detection in bivalve mollusc and 
seawater samples. 
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2.2 Methods 
2.2.1 General procedures 
All media and reagents were prepared using deionised water. Deionised water 
was supplied by the Research Institute of Biotechnology and Environment, 
Vietnam. Glassware was washed in commercial detergent, rinsed twice in tap 
water and then twice in deionised water. All equipment used for isolation and 
identification of HAV such as eppendorf tubes, pipette tips, glassware and 
plasticware was treated with 0.1% DEPC to remove RNase. 
Sterilization of solutions, pipette tips, plasticware, and glassware were achieved by 
autoclaving (121oC, 20 min). 
 
2.2.2 Samples collection and preservation 
2.2.2.1 Methodology for coding samples 
All collected samples were coded as follows: 
Site of sampling collection, type of sample, tidal regime, time of sampling 
collection. 
Site of sampling collection: 
D: Binh Dai 
T: Ba Tri 
G : Can Gio 
Types of sample: 
W: seawater sample 
M: Bivalve mollusc sample (clam) 
Tidal regime: 
H: high tide 
L: low tide 
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Times of sampling collection: 
1: Aug, 2: Sep, 3: Oct, 4: Nov, 5: Dec 
6: Jan, 7: Feb, 8: Mar, 9: Apr, 10: May 
Example: DWH1 means Binh Dai, seawater, high tide, August 
 
2.2.2.2 Sampling schedule 
One hundred and twenty samples were collected from different farms belonging to 
province Ben Tre and Ho Chi Minh city from August of 2008 to May 2009 
comprising 60 seawater samples and 60 bivalve mollusc samples. Figure 2.1 
represents the sampling site in this project.  
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Figure 2.1  Sampling sites in Ho Chi Minh City and the Mekong Delta Vietnam. 
Note: A: Sampling site in Can Gio ward, Ho Chi Minh city, Vietnam. 
          B: Sampling site in Binh Dai ward, Ben Tre province, Vietnam. 
          C: Sampling site in Ba Tri ward, Ben Tre province, Vietnam. 
A 
B 
C 
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Number of collected samples comprised 80 samples from Ben Tre province (40 
samples in Binh Dai and 40 samples in Ba Tri) and 40 samples in Ho Chi Minh city 
(Can Gio). Twelve samples were collected each month comprising 6 seawater 
samples and 6 bivalve mollusc samples. Sixty seawater samples were collected 
over 10 months (August to May), thirty samples were taken in the wet season 
(August to December) and 30 in the dry season (Jan to May). The samples taken 
in both the wet and dry season comprised 15 samples collected in high tide and 
15 samples collected in low tide. The same sampling schedule was applied for 60 
bivalve mollusc samples. The sampling schedule is shown in Table 2.1.  
Table 2.1 Sampling schedule 
Wet season Dry season 
 Code 
Aug Sep Oct Nov Dec Jan Feb Mar Apr May 
Total 
D 2a 2 2 2 2 2 2 2 2 2 20 
T 2 2 2 2 2 2 2 2 2 2 20 Water 
G 2 2 2 2 2 2 2 2 2 2 20 
D 2 2 2 2 2 2 2 2 2 2 20 
T 2 2 2 2 2 2 2 2 2 2 20 
Bivalve 
molluscs 
G 2 2 2 2 2 2 2 2 2 2 20 
Total 12 12 12 12 12 12 12 12 12 12 120 
a
 represents number of collecting samples 
Seawater samples were collected in three-litter sterile bottles used for viral and 
bacterial analysis. The bivalve mollusc samples (clam) were collected in sterile 
plastic bag (about 140 live clams for each sample). The water samples were kept 
in portable ice chests and transported to the laboratory. Samples were tested 
upon arrival at the laboratory or stored for maximum of 24 hrs at 4oC (Chironna et 
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al., 2001). Bivalve mollusc samples were frozen and processed in batches for 
HAV analysis (Sunen et al. 2004).  
 
2.2.3 Microbiological methods 
2.2.3.1 Isolation and identification of fecal coliforms and E. coli 
The procedures for the isolation of fecal coliforms and E. coli were based on the 
MPN method (MFHPB-19 April 2002, Canada) with some modifications. The MPN 
procedure involves a multiple tube fermentation technique where three decimal 
dilutions of the sample are inoculated into tubes of broth medium and incubated at 
a specific temperature and for a specific time. Based on the number of tubes 
indicating the presence/absence of organisms, the most probable number present 
can be estimated from a standard statistical MPN table. Briefly, 200 g of meat and 
liquor obtained from 50–70 live bivalve molluscs for each sample were 
homogenized in 200g of 0.5% peptone solution. To obtain a 1 in 10 dilution, 20 g 
of the homogenate was added to 80g of 0.5% peptone solution and shaken for 
approximately 15 seconds.  The solution was then inoculated into Lauryl Sulfate 
Tryptose broth (LST) with inverted Durham tube in the following manner: 10 ml of 
a 1 in 10 dilution into each of 5 tubes of double strength LST, 1 ml of 1 in 10 
dilution into each of 5 tubes of single strength LST, and 1ml of 1 in 100 dilution to 
each of 5 tubes of single strength LST. All of the LST broth tubes were incubated 
at 35oC for 24±2 h and examined for gas formation. From the gas-positive LST 
broth tubes, one loopful was transferred to each tube of EC broth and incubated in 
a water bath at 44.5oC for 24 ± 2 h. Numbers of gas-positive EC broth tubes were 
recorded to compute fecal coliforms MPN per 100 g of bivalve molluscs based on 
MPN tables (see Appendix 2.1).  
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For further identification of E. coli, a loopful of each gas-positive EC broth tube 
culture was streaked onto an L-EMB plate. Coliforms colonies usually show a dark 
center and have a greenish metallic sheen. After incubation at 35oC for 18 to 24 h, 
typical colonies (non-mucoid, nucleated, dark-centred colonies with or without a 
metallic green) were streaked onto NA (Nutrient Agar). The presumptive colonies 
were then streaked on TSA slants for IMViC test including Indole production (+), 
Methyl red (+), Voges-Proskauer (-), and Citrate test (-) to confirm the presence of 
E. coli based on the MPN table.  
 
For seawater, procedures for the isolation and identification of fecal coliforms and 
E. coli were carried out in a similar manner as that for bivalve molluscs with some 
modifications as follows: Seawater samples were inoculated into Lauryl Sulfate 
Tryptose broth (LST) with inverted Durham tube in the following manner: 10 ml of 
undiluted seawater into each of 5 tubes of double strength LST, 1 ml of undiluted 
seawater into each of 5 tubes of single strength LST, and 0.1 ml of undiluted 
seawater to each of 5 tubes of single strength LST. 
 
2.2.3.2 Isolation and identification of Salmonella spp. 
The procedures for isolation of Salmonella spp. were based on the NMKL method 
(NMKL 71- 5th ed. 1999) with some modifications. The procedures were as 
follows: 25g sample of bivalve mollusc meat or seawater was homogenized and 
pre-enriched in 225 ml of buffered peptone water. After incubation at 37oC for 18h, 
0.1 ml of broth was transferred to a tube containing 10 ml of RV enrichment broth 
and the tube was incubated at 42oC for 24 h. Following enrichment, a loopful of 
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culture was streaked onto a XLD agar plate, and the plate was incubated at 37oC 
for 24 h. Presumptive colonies (slightly transparent zone of reddish colour due to 
the indicator change in the medium and black center) were maintained on non 
selective TSA agar slants for confirmation. Bacterial confirmation comprised two 
steps: biochemical confirmation and serological confirmation. The biochemical 
tests, including: urease production (-), mannitol (+), hydrogen sulphide production 
and carbohydrates fermentation (on KIA agar), lysine decarboxylase reaction 
(LDC) (+) were performed. Serological confirmation was performed against 
physiological saline solution, Salmonella polyvalent O-antiserum and Salmonella 
polyvalent H-antiserum complied with manufacturer’s instruction. 
 
2.2.4 Viral processing 
The viral particles from 120 samples of seawater and bivalve molluscs were first 
concentrated to reduce the volume of samples and isolate viral particles. Then, the 
viral particles were extracted RNA and followed by detection using RT-PCR. All 
main steps of viral processing are showed in Figure 2.2 
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Figure 2.2 HAV processing of bivalve mollusc and seawater samples 
 
 
 
ISOLATION, PURIFICATION, AND CONCENTRATION 
RNA EXTRACTION 
RT-hn-PCR 
AGAROSE GEL ELECTROPHORESIS 
SAMPLES 
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2.2.4.1 Isolation, purification and concentration of HAV particles 
Like many viral pathogens, HAV particles are present at low levels and can not 
replicate in contaminated foods. The main goals of HAV concentration step were 
therefore to decrease sample volume and eliminate substances, while 
simultaneously elute and purify the viral particles in the samples. 
 
2.2.4.1.1 Seawater samples 
Procedures for isolation, purification and concentration of HAV particles in 
seawater samples were based on two published protocols (Brooks et al., 2005; 
Villar et al,. 2006), with some modifications. Briefly, two liters of collected seawater 
was filtered via a vacuum pump system at 15 bars pressure using a negatively 
charged membrane filter with a 47 mm diameter and a 0.45 µm pore size 
(Millipore, USA). For seawater samples containing large suspended particles, they 
were first removed by filtration through an absorbent pad (Whatman, UK) before 
applying them to the HA 0.45 µm negatively charged membrane filter. The filter 
was washed with 200 ml of 0.5 mM H2SO4  to remove cations on membrane, and 
then 10 ml of 1mM NaOH (pH = 10.5-10.8) was poured on the membrane and the 
filtrate was recovered in a tube containing elution buffer (0.1 ml of 50 mM H2SO4 
and 0.1 ml of 100 X TE buffer for neutralization). The entire eluate was then added 
to a Centriprep Concentrator 50 (Millipore) and centrifuged at 1,500 x g for 10 min 
at 4oC. The filtrate was then removed, and the concentrate was rinsed twice with 
10 ml of Milli Q water by the same procedure. The 500 µl final volume of viral 
particles was stored at -70oC until using for RNA extraction. 
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The control of the RT-hn-PCR for HAV detection in seawater samples was defined 
by seeding with 1 ml of the HAV reference strain HM 175 (105 TCID50 per ml) into 
a seawater sample before filtration. 
 
2.2.4.1.2 Bivalve mollusc samples 
Procedures for the isolation, purification and concentration of HAV particles in 
bivalve mollusc samples were based on a published protocol (Macaluso et al., 
2006) with some modifications. Briefly, several of bivalve molluscs were dissected 
to collect 25 g of digestive apparatus (hepatopancreas), and then a total of 175 ml 
of glycine buffer (0.05M glycine, 0.14M NaCl, pH 9.5) was added to the 
hepatopancreas. After the samples were homogenized at maximum speed for 5 
min in a Waring blender, the homogenate was immediately purified by 
centrifugation at 10,000 x g for 15 min at 4oC to collect the supernatant fluid. The 
pH of the supernatant was adjusted to 7.2-7.4, and then an equal volume of a 
solution containing 16% (w/v) polyethylene glycol 6000-8000 (PEG, Invitrogen) 
and 0.25M NaCl (Merck) was added to the supernatant to concentrate viral 
particles. The precipitated viruses were recovered by centrifugation at 10,000 x g 
for 45 min, and the pellet was resuspended in the smallest volume of sterile 
phosphate buffered saline (PBS). After extracting by chloroform (1 sample : 2 
chloroform), the virus in its aqueous phase was concentrated by ultracentrifugation 
at 60,000 x g for 1 h at 4oC in a Beckman Optima™ L-100 XP Ultracentrifuge. The 
pellet was then colleted in an eppendorf containing 280 µl of sterile PBS and 
stored at -700C until use for RNA extraction. 
As for seawater samples, the control of the RT-hn-PCR for HAV detection in 
bivalve mollusc samples was defined by seeding with 1 ml of the HAV reference 
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strain HM 175 (105 TCID50 per ml) into a 25 g of digestive apparatus sample after 
homogenization. 
 
2.2.4.2 Viral RNA extraction 
The final volume of 120 samples from the viral concentration step (500 µl of each 
seawater sample, 280 µl of each bivalve mollusc sample) were used for RNA 
extraction by using the QIAmp Viral RNA extraction kit (QIAGEN, Hilden, 
Germany) according to the manufacturer’s instructions. Briefly, 1.12 ml of buffer 
AVL was added to 280 µl of sample. The reaction mix was then incubated at room 
temperature for 10 min. After 1.12  ml of ethanol (96-100%) was added and well 
mixed, the reaction mix was applied to the spin column, centrifuged and the filtrate 
discarded. The spin column was then washed by 500 µl of buffer AW1 and 500 µl 
AW2, respectively. RNA was then eluted into an eppendorf tube after the addition 
of 60 µl of buffer AVE to the spin column. The 60 µl of eluted viral RNA was stored 
at -70oC until future use. All steps of viral RNA extraction were performed as 
quickly as possible at room temperature.    
 
2.2.5 Oligonucleotide primers and Reverse Transcription-Polymerase Chain 
Reaction (RT-PCR) 
2.2.5.1 Oligonucleotide primers 
The oligonucleotide primer pair sequences to be used for HAV amplification in this 
study were based on a study that has been validated with regard to sensitivity for 
the detection of a known quantity of HAV in contaminated water and mussel tissue 
(Di Pinto et al., 2003; Fernandez-Monila et al., 2004; Kittigul et al. 2006; Ribao et 
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al., 2004). The genomic region corresponding to the VP1-VP3 capsid protein 
junction was the target for PCR product amplification. 
 
The forward primer (HAV 2167) was 5′-GTT TTG CTC CTC TTT ATC ATG CTA 
TG-3′ (position 2167 through 2193), and the reverse primer (HAV 2389) was 5′-
GGA AAT GTC TCA GGT ACT TTC TTG-3′ (position 2389 through 2414) 
(Genbank accession M14707). These primers produced a 248-bp-long fragment 
located within the conserved VP1-VP3 region of the genome. The internal primer 
for hemi-nested PCR (HAV 2232) 5′- TCA ACA ACA GTT TCT ACA GA-3′ 
(position 2232 through 2251), producing a 183 bp long fragment, was used to 
confirm the specificity of reverse transcriptase-PCR amplicons (Kittigul et al. 
2006). The primers were synthesized by Sigma-Aldrich®, USA. 
 
2.2.5.2 Reverse Transcription-Polymerase Chain Reaction 
The RNA samples were amplified by one-step RT-PCR using The SuperScript™ 
III One-Step RT-PCR System with Platinum® Taq DNA polymerase kit (Invitrogen, 
USA). The components of a single reaction mix were as follows: 
 
Component  Volume 
2X Reaction Mix  25 µl 
Template RNA  5 µl 
Forward primer (10 µM) (HAV 2167) 1 µl 
Reverse primer (10 µM) (HAV 2389) 1 µl 
SuperScript™ III RT/ Platinum® Taq Mix 2 µl 
Autoclaved distilled water               Make up to 50 µl 
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The reaction mixture was subjected to the following cycling conditions by using a 
GeneAmp® PCR System 9700, unless stated otherwise: 
cDNA synthesis  
1 cycle: 50°C for 30 min 
Denaturation  
1 cycle: 94°C for 2 min 
PCR amplification  
40 cycles: 94°C for 15 s (denaturation) 
55°C for 30 s (annealing) 
68°C for 30 s (extension) 
Final extension  
1 cycle: 68°C for 5 min 
 
2.2.6 Optimization of hemi-nested-Polymerase Chain Reaction conditions 
(hn-PCR) 
In order to get the best result of amplification, concentration of some components 
(Magnesium, primers, DNA template) of hn-PCR were varied for optimization. In 
addition, annealing temperature was also optimized. The positive resultant RT-
PCR product from viral positive control was subsequently used as template DNA 
for the hn-PCR using PCR Master Mix (Fermentas, USA) kit. Two primers of HAV 
2232 and HAV 2389 were used to amplify 183 bp long fragments. While 
optimizing, all the reaction components were kept constant except one variable at 
a time. They were as follows: 
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2.2.6.1 Mg concentration 
The hn-PCR was performed in a total volume of 20 µl in each eppendorf tube. The 
reaction mix contained 5 µl of 2 X concentration of PCR Master mix (0.05 units/µl 
Taq DNA Polymerase in reaction buffer, 4 mM MgCl2, 0.4 mM dATP, 0.4 mM 
dCTP, 0.4 mM dGTP and 0.4 mM dTTP), 2 µl of each 0.5 µM oligonucleotide 
(HAV 2232 and HAV 2389), 2 µl of template DNA, and 9 µl of deionised water. 
The reaction mix was prepared in 4 individual eppendorf tubes and the following 
volumes of 25 mM MgCl2 were added: 0.0 µl, 0.4 µl, 0.8 µl, and 1.2 µl. The final 
concentrations of magnesium were 2.5 µM, 3.0 µM, 3.5 µM, 4.0 µM, respectively. 
The reaction mixture was subjected to the following cycling conditions by using a 
GeneAmp® PCR System 9700 as following: 
Denaturation  
1 cycle: 94°C for 2 min 
PCR amplification  
30 cycles: 94°C for 15 s (denaturation) 
50°C for 30 s (annealing) 
68°C for 30 s (extension) 
Final extension  
1 cycle: 68°C for 5 min 
Negative control was composed of the PCR mixture and nuclease-free water. 
 
2.2.6.2 Annealing temperature optimization 
In order to determine the optimal conditions for the hn-PCR, the following 
annealing temperatures were used: 45oC for 30 s, 50oC for 30 s, 55oC for 30 s and 
60oC for 30 s. All other cycling condition, reaction components and volumes were 
the same as previously described. 
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2.2.6.3 Primer concentration optimization 
Various concentrations of forward and reverse primers were compared from a 
primer stock solution of 10 µM. In separate eppendorf tubes, the following each 
primer volume was used: 0.5 µl (0.25 µM), 1.0 µl (0.5 µM), 1.5 µl (0.75 µM) and 
2.0 µl (1.0 µM). 
 
2.2.6.4 DNA titration 
In order to optimize DNA titration, following volumes of template DNA from positive 
product of RT-PCR were used: 1.0 µl, 1.5 µl, 2.0 µl, 2.5 µl and 3.0 µl. 
 
2.2.7 Agarose gel electrophoresis 
The PCR products were loaded onto a 2% agarose gel. Agarose gel 
electrophoresis was carried out at 85 V for 1 h in 0.5 X TBE buffer. Following 
electrophoresis, gels were stained in an ethidium bromide bath (3 µg/ml) for 10-15 
min. The gels were then rinsed and washed in tap water for 15 min or until the 
background was clear. Gels were visualized and photographs taken using the 
BioRad Gel Doc System. 
 
2.2.8 Statistical analyses 
The bacterial indicator and HAV prevalence data were analyzed using the 
statistical software SPSS. The correlation of E. coli, fecal coliforms in different 
collecting sites or by environmental factors such as season and tidal regime were 
tested by using t-test. The relationship between HAV and bacterial indicator were 
tested by using Chi-Square test. 
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Chapter 3 
  
RESULTS 
 
3.1 The HAV detection in Southern Vietnam using RT-hn-PCR 
3.1.1 Optimization of hn-PCR conditions 
In order to increase the sensitivity of the HAV detection, hn-PCR was used for 
amplification of RNA from HAV (183 bp long fragment) using PCR Master Mix Kit 
(Fermentas, USA). Every attempt was made to optimize the hn-PCR conditions for 
maximum amplification. Parameters of concentration of magnesium ion, primers, 
DNA template and annealing temperature were optimized in this study. The results 
showed that optimal concentration of magnesium was 3.5 mM and optimal 
concentration of primers was 0.5 µM. In addition, annealing temperature was 
found to be optimal at 50oC and optimal template DNA was 2 µl of positive RT-
PCR product. All optimal parameters were considered in the hn-PCR as the 
following: 
Component  Volume 
PCR Master Mix (2X) 
MgCl2 (25mM)  
12.5 µl 
0.8 µl 
Template DNA  2 µl 
Internal primer (10 µM) (HAV 2232) 1.0 µl 
Reverse primer (10 µM) (HAV 2389) 1.0 µl 
Autoclaved distilled water             Make up to 20 µl 
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The reaction mixture was subjected to the following cycling conditions, unless 
stated otherwise: 
Denaturation  
1 cycle: 94°C for 2 min 
PCR amplification  
30 cycles: 94°C for 15 s (denaturation) 
50°C for 30 s (annealing) 
68°C for 30 s (extension) 
Final extension  
1 cycle: 68°C for 5 min 
Negative control was composed of the PCR mixture and nuclease-free water. The 
HAV strain HM 175 supplied by National Institute of Hygiene and Epidemiology, 
Vietnam was used as a positive control. 
 
3.1.2 Sensitivity of the RT-hn-PCR for the detection of HAV in Vietnam  
The sensitivity and specificity of RT-hn-PCR for the detection of HAV in artificially 
contaminated bivalve mollusc and seawater samples were evaluated. One milliliter 
of a serial 10-fold dilution from 100 to 10-5 of the HAV reference strain HM 175 (105 
TCID50) were added into bivalve mollusc sample containing 25g of digestive 
apparatus or into two-liter seawater sample. The RT-PCR and hn-PCR products 
were 248bp and 183bp long, respectively and are shown in Figure 3.1. Figure 3.2 
shows the sensitivity of hn-PCR for detection of HAV. The results showed that the 
hn-PCR was able to detect 1 TCID50 per 25g of shellfish homogenate or 2 liter of 
seawater sample. This means that the RT-PCR kit is highly sensitive and the 
oligonucleotide primers are suitable for the detection of HAV strain in Vietnam. In 
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addition, this protocol could be used for the detection of HAV in natural 
contaminated bivalve molluscs in Southern Vietnam. Figure 3.3 shows the results 
of hn-PCR on naturally contaminated samples collected in Southern Vietnam in 
August 2008. 
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Figure 3.1  Electrophoresis profiles of RT-PCR (lane 2, 3) and hn-PCR (lane 4, 6) 
from a laboratory contaminated bivalve mollusc sample as a positive control and a 
positive bivalve mollusc sample. The 5µl of PCR product was run on 2% agarose 
gel at 85 V for 1 hour. 
- Lane 1: DNA marker - 100bp. 
- Lane 2 and 4: positive product of RT-PCR and hn-PCR – positive control. 
- Lane 3 and 5: positive product of RT-PCR and hn-PCR – positive sample. 
- Lane 6: hn-PCR negative control. 
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Figure 3.2  Sensitivity test of the hn-PCR assay for the detection of HAV-seeded 
extracts. 
- Lane 1-4: 105-102 TCID50 
- Lane 5: DNA marker – 100 bp 
-
 Lane 6: 10 TCID50 
-
 Lane 7: 1 TCID50 
- Lane 8: Undetectable at 0.1 TCID50 
- Lane 9: Negative control 
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Figure 3.3  Electrophoresis profile of hn-PCR product from seawater and bivalve 
mollusc samples collected in Southern Vietnam in Aug of 2008. 
- Lane 1, 2, 5, 8: positive samples of DMH1, TML1, GWH1, GML1, 
respectively. 
- Lane 3, 4, 6, 9, 10: negative samples of DWH1, DWL1, DML1, TWH1, 
TWL1, respectively. 
- Lane 7: DNA marker - 100bp 
- Lane 11: hn- PCR product as positive control 
- Lane 12: negative control (without HAV RNA) 
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3.2 The prevalence of HAV in bivalve mollusc and seawater samples in 
Southern Vietnam 
The above RT-hn-PCR protocol was applied to find the presence of HAV in 120 
contaminated samples comprising 60 seawater samples and 60 bivalve mollusc 
(clam) samples collected in Southern Vietnam. The RT-hn-PCR results are shown 
in Table 3.1 and Table 3.2. This PCR test amplified 183 bp products in 21 out of 
120 (17.5%) samples indicating the presence of HAV in these samples collected in 
Mekong Delta and Ho Chi Minh city. The presence of HAV in Can Gio is the 
highest with 12 positive samples (57.1%) out of 21 positive sample tested. There 
were four HAV positive samples in Binh Dai and five in Ba Tri. 
 
The HAV presence in bivalve molluscs was higher than those in water samples. 
HAV presented in four seawater samples (GWH1, DWH3, GWL3, TWH5) while 17 
bivalve mollusc samples were positive with HAV (Table 3.2). In addition, the 
presence of HAV in wet season is higher than those in dry season. Fifteen 
samples collected in the rainy season were positive with HAV while HAV was 
found in six samples collected during the dry season.  
 
 
 
 
  
Table 3.1 Results of HAV detection in the individual samples of bivalve molluscs and seawater 
in the Mekong Delta and Ho Chi Minh City. 
 
 
T i d e  r e g i m e High tide Low tide 
Season Samples HAV Samples HAV Samples HAV Samples HAV Samples HAV Samples HAV 
DMH1 + TMH1 - GMH1 - DML1 - TML1 + GML1 + 
DWH1 - TWH1 - GWH1 + DWL1 - TWL1 - GWL1 - 
DMH2 + TMH2 - GMH2 + DML2 - TML2 + GML2 - 
DWH2 - TWH2 - GWH2 - DWL2 - TWL2 - GWL2 - 
DMH3 - TMH3 - GMH3 - DML3 - TML3 - GML3 - 
DWH3 + TWH3 - GWH3 - DWL3 - TWL3 - GWL3 + 
DMH4 - TMH4 + GMH4 + DML4 - TML4 - GML4 + 
DWH4 - TWH4 - GWH4 - DWL4 - TWL4 - GWL4 - 
DMH5 + TMH5 - GMH5 + DML5 - TML5 - GML5 - 
Wet season 
DWH5 - TWH5 + GWH5 - DWL5 - TWL5 - GWL5 - 
DMH6 - TMH6 - GMH6 + DML6 - TML6 - GML6 + 
DWH6 - TWH6 - GWH6 - DWL6 - TWL6 - GWL6 - 
DMH7 - TMH7 - GMH7 - DML7 - TML7 - GML7 + 
DWH7 - TWH7 - GWH7 - DWL7 - TWL7 - GWL7 - 
DMH8 - TMH8 - GMH8 - DML8 - TML8 + GML8 + 
DWH8 - TWH8 - GWH8 - DWL8 - TWL8 - GWL8 - 
DMH9 - TMH9 - GMH9 - DML9 - TML9 - GML9 - 
DWH9 - TWH9 - GWH9 - DWL9 - TWL9 - GWL9 - 
DMH10 - TMH10 - GMH10 + DML10 - TML10 - GML10 - 
Dry season 
DWH10 - TWH10 - GWH10 - DWL10 - TWL10 - GWL10 - 
Note:  “+” positive; “-” negative 
           D: Binh Dai, T: Ba Tri, G: Can Gio, W: water sample, M: Bivalve mollusc sample, H: high tide, L: Low tide 
             Time of sampling collection: 1: Aug, 2: Sep, 3: Oct, 4: Nov, 5: Dec, 6: Jan, 7: Feb, 8: Mar, 9: Apr, 10: May 
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Table 3.2 Summarization of HAV positive samples collected in the Mekong Delta, 
Vietnam and Ho Chi Minh City. 
. 
Wet season Dry season  
Aug Sep Oct Nov Dec Jan Feb Mar Apr May 
Total 
GWH1a  DWH3  TWH5      
Water 
  GWL3        
4 
DMH1 DMH2  TMH4 DMH5 GMH6 GML7 GML8  GMH10 
TML1 TML2  GMH4 GMH5 GML6  TML8   
Bivalve 
molluscs 
GML1 GMH2  GML4       
17 
Total  15 6 21 
 
a
 These indicate the presence of HAV in seawater and bivalve mollusc samples collected in two 
seasons. The samples are from D: Binh Dai, T: Ba Tri, G: Can Gio 
 
3.3 The presence of E. coli, fecal coliforms, and Salmonella spp. in bivalve 
mollusc and seawater samples collected in Southern Vietnam 
One hundred and twenty samples comprising 60 seawater samples and 60 bivalve 
mollusc samples collected in different farms in the Mekong Delta and Ho Chi Minh 
city were analyzed for Salmonella spp., E. coli, and fecal coliforms. The collecting 
time was from August of 2008 to May of 2009. Twelve samples were collected 
each month. Samples were collected following season and tidal regime (as 
described in section 2.2.2.2). The wet season was from August to December of 
2008, and dry season was from January to May 2009. Tidal regime varied with 
season and included high tide and low tide. The procedures for the isolation of 
fecal coliforms and E. coli were based on the MPN method (MFHPB-19 April 
2002, Canada) and were described in section 2.2.3.1. The procedures for isolation 
of Salmonella spp. were based on the NMKL method (NMKL 71- 5th ed. 1999) and 
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were described in section 2.2.3.2. The obtained results of these bacteria for 
individual sample were shown in the Table 3.3.  
 
 
 
 
Table 3.3  Fecal coliforms and E. coli counts by MPN/100 ml or MPN/100 g and the presence of Salmonella spp. 
in the individual samples of bivalve mollusc and seawater samples. 
Binh Dai Ba Tri Can Gio 
Time 
Samples FC EC Sal Samples FC EC Sal Samples FC EC Sal 
DWH1 250 140 - TWH1 230 160 - GWH1 700 220 + 
DWL1 240 120 - TWL1 240 170 - GWL1 470 210 + 
DMH1 190 110 - TMH1 200 130 - GMH1 440 210 - 
Aug-08 
DML1 200 110 - TML1 200 140 - GML1 400 170 - 
DWH2 250 170 - TWH2 200 140 - GWH2 400 270 - 
DWL2 240 160 - TWL2 230 130 - GWL2 410 220 - 
DMH2 220 140 - TMH2 230 130 - GMH2 360 210 + 
Sep-08 
DML2 220 130 - TML2 210 110 - GML2 380 200 - 
DWH3 270 200 - TWH3 240 210 - GWH3 420 270 - 
DWL3 280 210 - TWL3 240 210 - GWL3 420 270 - 
DMH3 240 160 - TMH3 210 130 - GMH3 400 230 - 
Oct-08 
DML3 270 170 - TML3 200 140 - GML3 450 240 + 
DWH4 240 140 - TWH4 210 140 - GWH4 410 250 - 
DWL4 230 130 - TWL4 200 130 - GWL4 400 240 - 
DMH4 200 110 - TMH4 170 90 - GMH4 320 130 - 
Nov-08 
DML4 170 110 - TML4 170 91 - GML4 290 120 - 
DWH5 170 110 - TWH5 200 110 - GWH5 250 170 - 
DWL5 170 110 - TWL5 190 120 - GWL5 210 140 - 
DMH5 160 91 - TMH5 140 68 - GMH5 170 90 - 
Dec-08 
DML5 150 90 - TML5 130 61 - GML5 160 91 - 
 
 
 
Note:  “+” positive; “-” negative; EC: E. coli; FC: Fecal coliforms; Sal: Salmonella spp. 
             D: Binh Dai, T: Ba Tri, G: Can Gio, W: water sample, M: Bivalve mollusc sample, H: high tide, L: Low tide 
             Time of sampling collection: 1: Aug, 2: Sep, 3: Oct, 4: Nov, 5: Dec, 6: Jan, 7: Feb, 8: Mar, 9: Apr, 10: May 
 
  
Binh Dai    Ba Tri   Can Gio 
 
Time 
Samples FC EC Sal Samples FC EC Sal Samples FC EC Sal 
DWH6 110 78 - TWH6 170 90 - GWH6 200 140 - 
DWL6 130 78 - TWL6 160 78 - GWL6 200 140 - 
DMH6 120 45 - TMH6 100 40 - GMH6 170 78 - 
Jan-09 
DML6 120 40 - TML6 120 45 - GML6 190 68 - 
DWH7 110 78 - TWH7 150 61 - GWH7 130 92 - 
DWL7 130 78 - TWL7 160 68 - GWL7 130 110 - 
DMH7 100 20 - TMH7 81 20 - GMH7 100 40 - 
Feb-09 
DML7 81 20 - TML7 82 20 - GML7 120 45 - 
DWH8 110 78 - TWH8 120 45 - GWH8 140 110 - 
DWL8 110 78 - TWL8 150 61 - GWL8 130 110 - 
DMH8 100 40 - TMH8 80 18 - GMH8 100 40 - 
Mar-09 
DML8 120 45 - TML8 82 20 - GML8 120 45 - 
DWH9 120 40 - TWH9 150 61 - GWH9 150 110 - 
DWL9 120 45 - TWL9 150 61 - GWL9 170 120 - 
DMH9 36 18 - TMH9 100 40 - GMH9 120 61 - 
April-09 
DML9 40 20 - TML9 92 45 - GML9 120 68 - 
DWH10 200 130 - TWH10 200 110 - GWH10 190 130 - 
DWL10 200 110 - TWL10 200 110 - GWL10 220 140 - 
DMH10 91 68 - TMH10 140 68 - GMH10 110 91 - 
May-09 
DML10 82 61 - TML10 160 78 - GML10 110 90 - 
Note:  “+” positive; “-” negative; EC: E. coli; FC: Fecal coliforms; Sal: Salmonella spp. 
            D: Binh Dai, T: Ba Tri, G: Can Gio, W: water sample, M: Bivalve mollusc sample, H: high tide, L: Low tide 
            Time of sampling collection: 1: Aug, 2: Sep, 3: Oct, 4: Nov, 5: Dec, 6: Jan, 7: Feb, 8: Mar, 9: Apr, 10: May 
Table 3.3 Fecal coliforms and E. coli counts by MPN/100 ml or MPN/100 g and the presence of Salmonella spp. 
in the individual samples of bivalve molluscs and seawater samples (Cont.). 
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3.3.1 The presence of E. coli in seawater and bivalve mollusc samples  
Figure 3.4 displays the mean value of E. coli in seawater from the Mekong Delta, 
Vietnam and Ho Chi Minh city. The results showed that E. coli presented in one 
hundred percent of the seawater samples. However, according to the category of 
EU standard (No. 854/2004), most samples were in category A in which value of 
E.coli was lower than 230 MPN/100 ml. The mean value of E. coli at Can Gio 
appears to be generally higher than those at Binh Dai and Ba Tri. The mean value 
at Binh Dai was similar to at Ba Tri. No significant difference in E. coli in the 
seawater at Binh Dai and Ba Tri was displayed (t-test p>0.05) while significant 
difference between Binh Dai and Can Gio was found. Similarly, E. coli in seawater 
of Ba Tri was significantly different from that of Can Gio. The highest level of E. 
coli at all three sites was observed in October when the seawater at Can Gio 
contained 270 MPN/100 ml (Appendix 3.2). 
 
The mean E. coli value in bivalve molluscs collected from the Mekong Delta, 
Vietnam and Ho Chi Minh city is shown in Figure 3.5. Like the presence of E. coli 
in seawater samples, one hundred percent of bivalve mollusc samples also 
contained E. coli. The high level obtained from August to October. Among the 
three zones, Can Gio contained the highest mean value in all of collecting times. 
However, the mean value of E. coli in all the samples was in the category A (<230 
MPN/100 g) (Appendix 3.3). A significant difference in E. coli between the bivalve 
molluscs from Can Gio and Binh Dai, and  Can Gio and Ba Tri was observed (t- 
test p<0.05) but there was no significant difference in E. coli between of Ba Tri and 
Binh Dai.  
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Figure 3.4  Mean value of E. coli in seawater from the Mekong Delta, Vietnam and 
Ho Chi Minh City. 
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Figure 3.5  Mean value of E. coli in bivalve mollusc samples from the Mekong 
Delta, Vietnam and Ho Chi Minh City. 
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3.3.2 The presence of fecal coliforms in seawater and bivalve mollusc 
samples  
Mean value of fecal coliforms in seawater and bivalve mollusc samples of 
Southern Vietnam are presented in the Figure 3.6 and Figure 3.7. For both 
seawater and bivalve mollusc samples, fecal coliforms was found in one hundred 
percent of samples and the level at Can Gio (286 MPN/100 ml and 232 MPN/100 
g respectively) seems to be generally higher than those at Binh Dai (184 MPN/100 
ml and 146 MPN/100 g) and Ba Tri (190 MPN/100 ml and 145 MPN/100 g). A 
mean value of fecal coliforms from August to December was higher than those 
from January to May. However, the mean value of most samples was in category 
A (< 300 MPN/100 g or < 300 MPN/100 ml) according to the EU standard (No. 
854/2004). 
 
There was a little variation in the mean fecal coliforms value in the seawater 
samples at Binh Dai (184 MPN/100 ml) and Ba Tri (190 MPN/100 ml) when 
compared to those at Can Gio (286 MPN/100 ml) (Appendix 3.4 and Appendix 
3.5). The mean value of fecal coliforms in Binh Dai, Ba Tri and Can Gio appeared 
to be higher in the wet season (August to December) and reached a maximum in 
October (bivalve mollusc samples) or in August (seawater samples). 
 
In general, the mean value of E. coli of both seawater samples and bivalve 
mollusc samples in the three sites was in the category A ranked according to EU 
standard (No. 854/2004). No significant difference in fecal coliforms in both the 
seawater and bivalve molluscs at Binh Dai and Ba Tri was displayed (t-test 
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Time 
p>0.05) while significant difference between Binh Dai and Can Gio, and between 
Can Gio and Ba Tri was found.  
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Figure 3.6 Mean value of fecal coliforms in seawater samples from the Mekong 
Delta, Vietnam and Ho Chi Minh City. 
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Figure 3.7 Mean value of fecal coliforms in bivalve mollusc samples from the 
Mekong Delta, Vietnam and Ho Chi Minh City. 
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3.3.3 The detection of Salmonella spp. in seawater and bivalve mollusc 
samples  
Salmonella spp. was present in on 4 samples (3.33%) of 120 samples tested 
(Table 3.3). These samples include GWH1, GWL1, GMH2 and GML3. Two of 
these samples (GWH1, GWL1) were from Can Gio seawater and two were from 
bivalve mollusc samples (GMH2, GML3). No trace of Salmonella spp. was found 
in Binh Dai and Ba Tri. 
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3.3.4 The relationship between fecal coliforms, E. coli and environmental 
factors: Statistical analysis 
3.3.4.1 The relationship between E. coli, fecal coliforms and seasonal factors 
In this study, the relationship between bacterial indicators and seasonal factors 
was examined. All samples were divided into two groups: seawater and bivalve 
molluscs. One-way ANOVA was established to compare the mean values of 
bacterial indicator to seasonal factor at a 95% confidence level.  
 
The test results for the presence of fecal coliforms and E. coli in the bivalve 
mollusc samples during different seasons are shown in Table 3.4 and Figure 3.8. 
Both E. coli and fecal coliforms were in high levels from August to November 
(>100 MPN/ 100 g) and reached the maximum levels in October (178 MPN/100 g 
of E. coli and 295 MPN/100 g of fecal coliforms ). The results from ANOVA 
showed that the level of E. coli in bivalve molluscs was significantly different 
between the wet season and dry season (t-test p<0.05). Similarly, there was a 
significant difference in fecal coliforms in bivalve molluscs between the dry and 
wet season (t-test p<0.05).  
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Wet season Dry season 
 
Table 3.4  Mean value of E. coli and fecal coliforms in bivalve mollusc samples by 
season. 
Mean values of bacterial indicators 
(MPN/100 g) Season  Month No. of 
samples Fecal coliforms E.coli 
 Aug 6 272 145 
 Sep  6 270 153 
Wet season Oct  6 295 178 
 Nov  6 220 109 
 Dec  6 152 82 
 Jan  6 137 53 
 Feb  6 94 28 
Dry season Mar  6 100 35 
 Apr  6 85 42 
 May  6 116 76 
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Figure 3.8  Mean values in MPN/100 g of E. coli and fecal coliforms in bivalve 
mollusc samples from Southern Vietnam. 
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Test results on seawater for bacteria are shown in Table 3.5 and Figure 3.9. As for 
the relationship between E. coli, fecal coliforms in bivalve mollusc samples and 
seasonal factor, the relationship between E. coli, fecal coliforms in seawater 
samples and seasons was also dependent. The result from ANOVA for E. coli 
showed that level of E. coli in seawater samples was significantly different 
between the dry and wet season (t-test p<0.05). The level of E. coli in the dry 
season (91 MPN/100 ml) was significant lower than that in the wet season (176 
MPN/100 ml). The mean value of E. coli in rainy season is nearly twice as high as 
that in dry season. Similarly, a significant difference between fecal coliforms in 
seawater and seasonal factor was found by statistic analysis (t-test p<0.05).  
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Wet season Dry season 
Table 3.5 Mean value of E. coli and fecal coliforms in seawater samples by 
season. 
Mean values of bacterial indicators 
(MPN/100 ml) Season  Month No. of 
samples Fecal coliforms 
   E. coli 
Aug 6 355 170 
Sep  6 288 182 
Oct  6 312 228 
Nov  6 282 172 
Wet season 
Dec  6 198 127 
Jan  6 162 101 
Feb  6 135 81 
Mar  6 127 80 
Apr  6 143 73 
Dry season 
May  6 202 122 
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Figure 3.9  Mean values in MPN/ 100 ml of E. coli and fecal coliforms in seawater 
samples from Southern Vietnam. 
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3.3.4.2 The relationship between E. coli, fecal coliforms and tidal regime 
The relationship between bacterial indicators and tidal regime was examined in 
this study. Examined samples were also divided into two groups: seawater 
samples and bivalve mollusc samples. One-way ANOVA was established to 
compare the mean values of bacterial indicator to tidal regime factor at a 95% 
confidence level. 
 
Table 3.6 shows the mean values of E. coli and fecal coliforms in bivalve mollusc 
samples by tidal regime. Figure 3.10 presents the relationship between fecal 
coliforms and tidal factor, and Figure 3.11 displays the relationship between E. coli 
and tidal factor. In contrast to the relationship between bacterial indicator and 
seasonal factor, there was no significant difference between the quantity of E. coli, 
fecal coliforms and tidal regime (t-test p>0.05).  The mean value of both E. coli (91 
MPN/100 g) and fecal coliforms (173 MPN/100 g) in high tide was as high as 
those in low tide (89 MPN/100 g of E. coli and 175 MPN/100 g of fecal coliforms) 
at a 95% confidence level. 
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Table 3.6  Mean value of E. coli and fecal coliforms in bivalve mollusc samples by 
tidal regime. 
Mean values of bacterial indicators 
(MPN/100 g) 
Fecal coliforms E. coli Month   
High tide Low tide High tide Low tide 
Aug 277 267 150 140 
Sep  270 270 160 147 
Oct  283 307 173 183 
Nov  230 210 110 107 
Dec  157 147 83 81 
Jan  130 143 54 51 
Feb  94 94 27 28 
Mar  93 107 33 37 
Apr  85 84 40 44 
May  114 117 76 76 
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Figure 3.10  Mean values in MPN/100 g of fecal coliforms in bivalve mollusc 
samples from Southern Vietnam by tidal regime. The test results are shown for 
both dry (Jan-May) and wet (Aug-Dec) season. 
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Figure 3.11  Mean values in MPN/100 g of E. coli in bivalve mollusc samples from 
Southern Vietnam by tidal regime. The test results are shown for both dry (Jan-
May) and wet (Aug-Dec) season. 
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Table 3.7 shows the mean values of E. coli and fecal coliforms in seawater 
samples by tidal regime. The relationship between fecal coliforms and tidal factor 
are shown in Figure 3.12 and the relationship between E. coli and tidal regime 
was displayed in Figure 3.13. The relationship between tidal factor and E. coli, 
fecal coliforms in seawater samples was similar that of bivalve mollusc samples. 
Although there was a significant variation in number of fecal coliforms and E. coli 
between different sampling times, there was no significant difference between 
bacterial indicators in seawater and tidal regime (t-test p > 0.05). The mean value 
of both E. coli (134 MPN/100 ml) and fecal coliforms (220 MPN/100 ml) in 
seawater in high tide was as high as that in low tide at a 95% confidence level.  
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Table 3.7 Mean value of E. coli and fecal coliforms in seawater samples by tidal 
regime. 
 
Mean values of bacterial indicators  
(MPN/100 ml) 
Fecal coliforms E.coli Date  
High tide Low tide High tide Low tide 
Aug 393 317 173 167 
Sep  283 293 193 170 
Oct  310 313 227 230 
Nov  287 277 177 167 
Dec  207 190 130 123 
Jan  160 163 103 99 
Feb  130 140 77 85 
Mar  123 130 78 83 
Apr  140 147 70 75 
May  197 207 123 120 
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Figure 3.12  Mean values of fecal coliforms in seawater samples from Southern 
Vietnam by tidal regime. The test results are shown for both dry (Jan-May) and 
wet (Aug-Dec) season. 
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Figure 3.13  Mean values of E. coli in seawater samples from Southern Vietnam 
by tidal regime. The test results are shown for both dry (Jan-May) and wet (Aug-
Dec) season. 
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3.4 The relationship between E. coli, fecal coliforms and HAV in Southern 
Vietnam and the applicability of the Europe Union’s sanitary controls (EC 
No. 854/2004) for bivalve mollusc production in Vietnam. 
The current sanitary control regulations (EC No. 854/2004) to shellfish in Vietnam 
are based on bacteria. However, some previous studies indicated that there was 
no correlation between HAV and bacterial indicators in shellfish. Therefore, a 
comparison of bacterial numbers along with HAV in seawater and bivalve mollusc 
samples were undertaken in this study.  
 
To facilitate the analysis, bacteria were divided by three groups that correspond 
with the three categories in the EU legislation (No.854/2004) as a described 
below. 
Category A: bivalve molluscs may be collected for direct human consumption. Live 
bivalve molluscs in this category must not exceed the limits of a five-tube, three 
dilution MPN test of 230 E.coli and 300 fecal coliforms per 100 g of flesh and 
intravalvular liquid. 
 
Category B: bivalve molluscs may be collected, but placed on the market for 
human consumption only after treatment in a purification centre. Live bivalve 
molluscs in this category must not exceed the limits of a five-tube, three dilution 
MPN test of 4,600 E.coli and 6,000 fecal coliforms per 100 g of flesh and 
intravalvular liquid. 
 
Category C: bivalve molluscs may be collected but placed on the market only after 
relaying over a long period so as to meet the EU health standards. Live bivalve 
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molluscs in this category must not exceed the limits of a five-tube, three dilution 
MPN test of 46,000 E.coli and 60,000 fecal coliforms per 100 g of flesh and 
intravalvular liquid. 
The EU sanitary control legislation to fecal coliforms and E. coli (No.854/2004) is 
summarized in Table 3.8. 
 
Table 3.8 Classification of bivalve mollusc ranks according to EU sanitary control 
legislation (EC No. 854/2004) 
Category Description Fecal coliforms 
(MPN/100 g) 
E. coli 
(MPN/100 g) 
A Clean shellfish <300 <230 
B Moderately polluted 300-6,000 230-4,600 
C Heavily polluted <60,000 <46,000 
 
The test results for the presence of E. coli, fecal coliforms, and HAV in 120 
samples in Southern Vietnam are shown as percentage of positive samples and 
are classified into different categories based on the MPN result. The comparison 
of the HAV and bacterial test results (percentage of positive samples) are ranked 
in corresponding categories according to the EU standard (No. 854/2004) as 
summarized in Table 3.9. 
 
  
 
 
Table 3.9 Bacterial and virus test results on bivalve mollusc and seawater samples in Southern Vietnam. 
E. coli Fecal coliforms HAV 
Month No. of 
samples A B C A B C Number of positive samples A B C 
Aug 12 100a 0 0 66,7 33,3 0 4 50 50 0 
Sep 12 91,7 8,3 0 66,7 33,3 0 3 66,7 33,3 0 
Oct 12 66,7 33,3 0 66,7 33,3 0 2 50 50 0 
Nov 12 83,3 16,7 0 75 25 0 3 66,7 33,3 0 
Dec 12 100 0 0 100 0 0 3 100 0 0 
Jan 12 100 0 0 100 0 0 2 100 0 0 
Feb 12 100 0 0 100 0 0 1 100 0 0 
Mar 12 100 0 0 100 0 0 2 100 0 0 
Apr 12 100 0 0 100 0 0 0 100 0 0 
May 12 100 0 0 100 0 0 1 100 0 0 
Total  120 94,2 5,8 0 87,5 12,5 0 21 76,2 23,8 0 
a The numbers indicate percentage of positive samples ranked in A, B, C categories according to EU standard (No. 854/2004)
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As can be seen from Table 3.9, the main presence of HAV is in category A 
(76.2%). No statistical correlations were found, using the chi-Square tests with all 
the samples, either between the presence of HAV and level of fecal coliforms 
(p=0.084>0.05) or between level of E. coli and the presence of HAV (p= 0.818 > 
0.05) in both seawater and bivalve mollusc samples in this study. The Chi-Square 
test results for correlation between fecal coliforms and HAV are shown in Table 
3.10 and Table 3.11, and between E. coli and HAV are shown in Table 3.12 and 
Table 3.13. 
 
Table 3.10  Fecal coliforms category and HAV crosstabulation 
HAV 
 
Negative Positive Total 
A 89a 16 105 FC Category 
B 10 5 15 
Total 99 21 120 
a
 These numbers indicate number of samples in sanitary category (A and B) 
FC: Fecal coliforms  
 
Table 3.11  Chi-Square tests for correlation between HAV and fecal coliforms 
 
 
Value df 
Asymp. Sig. 
(2-sided) 
Pearson Chi-Square 2.977 1 .084a 
Continuity Correction 1.855 1 .173 
Likelihood Ratio 2.567 1 .109 
N of Valid Cases 120   
a
 These numbers indicate p value to test significance 
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Table 3.12  E. coli category and HAV crosstabulation 
 
 
HAV 
 
Negative Positive Total 
A 93a 20 113 
EC Category 
B 6 1 7 
Total 99 21 120 
a
 These numbers indicate number of collected samples falled in sanitary category (A and B) 
 
 
 
Table 3.13  Chi-Square Tests for correlation between HAV and E. coli 
 
 
Value df 
Asymp. Sig. 
(2-sided) 
Pearson Chi-Square .053 1 .818a 
Continuity Correction .000 1 1.000 
Likelihood Ratio .056 1 .813 
N of Valid Cases 120   
 
a
 These numbers indicate p value to test significance 
 
The same test was applied to separate region (Binh Dai, Ba Tri, Can Gio), 
however, no correlation between HAV and bacterial indicators (E. coli and fecal 
coliforms) was found.  
 
The results of correlative analyses between HAV and bacterial indicators indicate 
that viral contamination are not be able to be detected via the analysis of bacterial 
indicators. Therefore, there is a risk for the use of the Europe Union’s sanitary 
control on bivalve mollusc production in Vietnam. 
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Chapter 4 
 
 
GENERAL DISCUSSION 
 AND CONCLUSION 
 
 
 
Detection of viral pathogens in food is of primary importance in relation to the 
potential hazard for public health. Many outbreaks of disease related food-borne 
viruses have been reported around the world (Becel et al., 2009; Fleet et al., 2000; 
Halliday et al., 1991). This is more important in relation to free trade, when foods 
can be easily transmitted around the world, and a disease surveillance system 
primarily based on indirect bacterial indicators of viral contamination is not efficient 
to control viral pathogens. Some previous studies have detected viruses from 
imported foods (Kingsley et al., 2002; Ng et al., 2005). In addition, Romalde et al 
(2001), in their article “Global market: shellfish imports as a source of reemerging 
food-borne hepatitis A virus infections in Spain”, demonstrated that some 
important outbreaks of HAV in Spain resulted from shellfish imported from diverse 
developing countries. 
 
Among food resources containing viruses, shellfish is an important vector in the 
transmission of enteric viral diseases (Ribao et al., 2004; Romalde et al., 2002). 
Many kinds of viruses have been found in shellfish such as hepatitis A viruses 
(HAV), hepatitis E viruses (HEV), noroviruses, adenoviruses, astroviruses, 
sapoviruses, polioviruses, echoviruses, parvoviruses, rotaviruses, the small round 
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structured viruses (SRSVs), and coxsackieviruses (Hansman et al., 2007; Hewitt 
and Greening, 2006; Kingsley, 2007; Le Guyader et al., 1994; Rigottoa et al., 
2005; Romalde et al., 2004; Vinateal et al., 2006).  
 
These viruses have been detected by a variety of methods including cell culture 
and nucleic acid detection. Among the viral pathogens linked to shellfish-
associated viral disease, hepatitis A can be considered of important because of its 
high prevalence (Fernandez-Molina et al., 2004; Papafragkou et al., 2008). Croci 
et al. (1999) reported that 43 cases of HAV infection in Italy related to shellfish 
consumption. However, identification of HAV in shellfish is difficult for several 
reasons. The density of HAV in shellfish is usually low. The HAV detection by 
conventional methods requires cell culture which is time-consuming, difficult, and 
expensive. In addition, some serotypes of HAV do not grow in cell cultures 
(Macaluso et al., 2006). Electron microscopy and immunoassays are used to 
detect HAV in environmental samples. These methods, however, have relatively 
low levels of sensitivity, and give a positive result with the high presence of viral 
particles (>103) in sample (Lees, 2000).  
 
The RT-PCR has been widely used for the detection of HAV RNA because it is 
simple, rapid and most sensitive (Legeay et al., 2000; Morace et al., 2002; Nainan 
et al., 2006; Parshionikar et al., 2004; Ribao et al., 2004). Several studies have 
demonstrated the successful application of RT-PCR to the detection of HAV both 
in shellfish artificially contaminated in the laboratory and in naturally polluted 
shellfish (Casas and Sunen, 2001; Fernandez-Molina et al., 2004; Kittigul et al., 
2006; Macaluso et al., 2006; Romalde et al., 2002; Sincero et al., 2006). Although 
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more sensitive than conventional methods for the HAV detection such as cell 
culture, the RT-PCR also limits the successful application by the low levels of viral 
concentration and PCR inhibitors in shellfish tissues unless the virions in samples 
were recovered by extraction procedures (Di Pinto et al., 2003; Sincero et al., 
2006). 
 
In the large sample volume with matrix–associated interfering substance, recovery 
of viral particles from samples before viral RNA purification and amplification is 
considered as a best method in the detection of HAV (D’Souza and Jaykus, 2006; 
Legeay et al., 2000; Sincero et al., 2006). Although a variety of methods have 
been described such as flocculation, filtration, precipitation, solvent extraction, 
elution, and adsorption; these methods were classified into two major approaches 
to virus concentration: designated extraction-concentration and adsorption-elution-
concentration (D’SouZa and Jaykus, 2006; Legeay et al., 2000). In this study, viral 
particles in seawater samples were recovered by the method of adsorption-
elution-concentration from microporous filters. Kittigul et al. (2006) stated “The 
adsorption-elution from microporous filters seems to be the most promising 
technique and has been recommended as a standard method for virus 
concentration from water and wastewater”. Several studies also showed that the 
adsorption-elution method was the technique that yielded high recovery of enteric 
viruses from water (Brassard et al., 2005; Jothikumar et al., 1993; Katayama et al., 
2002; Kittigul et al., 2000, 2001, 2005, 2006;   Villar et al., 2006). Viral particles in 
shellfish samples have been recovered by precipitation and followed by solvent 
extraction to purify virus from the homogenates. Several methods for virus 
precipitation were widely used in prior studies such as Cat-Floc, Pro-Cipitate, 
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polyethylene glycol, or acid (Roda de Husman et al., 2007). Among these 
methods, polyethylene glycol is an effective way to recover viral particles in 
shellfish samples and has been used in many recent studies (Baert et al., 2007; 
Croci et al., 2007; Dubois et al., 2007; Kingsley, 2007; Macaluso et al., 2006; 
Milne et al., 2007; Papafragkou et al., 2008; Roda de Husman et al., 2007; Shieh 
et al., 2008). Solvent extraction was first done by using ethyl ether (Roda de 
Husman et al., 2007). Several other methods were currently used to purify virus 
such as Freon (Chung et al., 1996; Mullendore et al., 2001), chloroform (Atmar et 
al., 1993; Mullendore et al., 2001), chloroform/butanol (Atmar et al., 1995). Viruses 
were then concentrated by ultracentrifugation, glass wool hydroextraction, or 
ultrafiltration (Roda de Husman et al., 2007). Macaluso et al (1998) and Pina et al 
(2006) showed that ultracentrifugation was an effective technique in viral 
concentration. In conlusion, these are the most suitable methods for viral recovery 
that were applied for the HAV detection in seawater and bivalve  mollusc samples 
in Southern Vietnam. 
 
The results from the present research showed that RT-hn-PCR had very high 
sensitivity in the detection of HAV. This technique was able to detect 1 TCID50 per 
25g of shellfish homogenate or 2 L seawater sample. The result of sensitivity was 
the same as one of a prior study (Di Pinto et al., 2003). In addition, the 
SuperScript™ III One-Step RT-PCR System with Platinum® Taq DNA polymerase 
kit which is considered as a highly sensitive kit was used in this study. A study by 
Ribao et al. (2004) demonstrated that this kit had the highest sensitivity (0.2-
1pfu/µl) compared to other six commercial kits which are currently used for the 
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detection of HAV. Therefore, we decided to use this kit for the detection of HAV in 
Ho Chi Minh city and the Mekong Delta, Vietnam. 
 
The screening of 60 naturally polluted bivalve mollusc samples for HAV using RT-
hn-PCR revealed that the level of contamination found (28.3%) seem to be higher 
than that in previous studies.  In the northern Adriatic sea, only 6% of shellfish 
were contaminated (Croci et al., 2007) and while 22% of oyster samples were 
contaminated by HAV in a study in Brazil (Coelho et al., 2003), and HAV in 27.4% 
in shellfish collected in the northwestern coast of Spain (Romalde et al., 2002) and 
it was only 14.1% in Italian bivalve mollusc samples (Macaluso et al., 2006). This 
result indicates a high prevalence of HAV in Southern Vietnam. Therefore, this 
study complemented previous findings by Hau et al. (1999) which indicated 97% 
prevalence of anti-HAV IgG in Mekong Delta, Vietnam.  
 
In contrast with bivalve mollusc samples, the presence of HAV in 60 naturally 
polluted seawater samples was quite low (6.7%) as compared to previous studies. 
In Thailand, 15% of swamp water samples and 10% of canal water samples were 
contaminated (Kittigul et al., 2006), and 20% of river and tap water samples were 
contaminated by HAV in a study in Brazil (Villa et al., 2006). This fact can be 
explained by a survival and resistance of physical and chemical agents in the 
marine environment, and the bioaccumulation of HAV in bivalve molluscs in 
Vietnam. HAV from human excrement and the domestic waste survive in water at 
low concentration and the viruses get accumulated in bivalve molluscs by filter-
feeding process. 
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In this research, bacterial indicators were examined in these 120 bivalve mollusc 
and seawater samples. Fecal coliforms and E. coli were found in one hundred 
percent of samples. The result of E. coli contamination in bivalve mollusc samples 
was in close agreement with Van et al. (2008) who reported that 94% of shellfish 
samples were contaminated with E. coli in Ho Chi Minh city, Vietnam. Some 
previous studies also showed high levels of E. coli in bivalve molluscs. Romalde et 
al (2002) found presence of E. coli in 164 samples (100%) of bivalve molluscs in 
Galicia, Spain. Although the presence of E. coli and fecal coliforms in bivalve 
molluscs was similar with some previous studies, the presence of Salmonella spp. 
was lower (3.33%) in this study. Van et al. (2007) found the level of Salmonella 
spp. contamination in shellfish retailed around Ho Chi Minh city, Vietnam was 
18%. This fact can be explained as shellfish was contaminated with Salmonella 
spp. through fecal contamination and some Salmonella spp. could not survive long 
under low nutrient conditions in water. They may also be inhibited by the higher 
salt concentration in the marine environment. It was found that all Salmonella  
positive sample in this study were in Can Gio. This is one of the most polluted 
region adjacently located by residential area which directly discharged wastewater 
to the sea. On the other hand, the natural habitat of Salmonella spp. is the 
gastrointestinal tract of mammals, birds or reptiles (Pelzer, 1989). Cross 
contamination could occur throughout the food chain, leading to a high prevalence 
of this pathogen as observed in retailed shellfish (Van et al., 2007). Although in 
high rate of contamination with E. coli and fecal coliforms, the majority of samples 
would be considered as included in Category A (<230 EC/100g shellfish or <300 
FC/100g shellfish) according to the EU legislation (No.854/2004). Therefore, our 
results indicated that three regions comprising Can Gio in Ho Chi Minh city, Binh 
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Dai and Ba Tri in the Mekong Delta were slightly polluted by fecal coliforms, E. coli 
and Salmonella spp.  
 
The correlation between fecal coliforms, E. coli and physical factors comprising 
season and tidal regime was also examined. Seasonal changes would influence 
metabolic activities and physiological processes of bivalve molluscs, such as 
feeding, respiration, growth and reproduction. Seasonal changes cause some 
changes in temperature and salinity, which lead to changes of oxygen 
consumption, food consumption and the ammonia-N excretion rate of shellfish 
(Meretrix) (Tang et al., 2005). Temperature and salinity also affect on density of 
fecal coliforms and E. coli. The results in this study showed that there was 
variation in the quantity of E. coli and fecal coliforms at different times of sampling 
collection. However, the results of statistical analysis showed that the quantity of 
E. coli and fecal coliforms depended on seasonal factor and did not depend on 
tidal factor in both bivalve mollusc and seawater samples. The quantity of both 
fecal coliforms and E. coli in wet season was higher than that in dry season. On 
the contrary, there was no difference in quantity between fecal coliforms and E. 
coli during high or low tide.  This was expected since the wet season would be 
more advantageous than dry season in filter-feeding of shellfish. Moreover, in the 
wet season, bacteria in many areas were brought to rivers and oceans by 
overflowing water such as rain water, flooded water. In the dry season, density of 
E.coli and fecal coliforms may be reduced by effect of sunlight and UV radiation 
(Whitman et al., 2004, 2008). Quantity of E.coli and fecal coliforms in wet season 
was therefore higher than that in dry season in both shellfish and seawater 
samples. 
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In this study, the relationship between viral and bacterial contamination was 
assessed. Several previous studies stated that there was no correlation between 
enteric virus and fecal contamination in shellfish (Chironna et al., 2002; Macaluso 
et al., 2006). However, in Vietnam, the current EU sanitary controls regulations 
such as EC no. 854/2004 is primarily based on bacteriological indicators. 
Therefore, it is essential to clarify the relationship between HAV and 
bacteriological indicators such as E. coli and fecal coliforms in this study. The 
result of the detection revealed that the presence of HAV in rainy season was 
higher than that in dry season. The same patterns were observed for E. coli and 
fecal coliforms where the level of E. coli and fecal coliforms contamination in rainy 
season were higher than that in dry season. However, the result of statistical 
analysis using Chi-square test showed that there was no correlation either 
between HAV and E. coli or between HAV and fecal coliforms contamination. The 
result (Table 3.9) showed that most of samples contaminated with E. coli and fecal 
coliforms (94.2% to E. coli and 87.5% to fecal coliforms) fall into category A and 
none of the samples fall in the heavily polluted category which was equivalent to 
category C. This indicated that the bivalve molluscs and seawater in Southern 
Vietnam were reasonably clean when bacterial contamination was considered. 
However, the presence of HAV was quite high (17.5%) in these samples  and 
most of the HAV positive samples (76.2%) detected in samples fall in category A 
which were ranked as clean shellfish that go directly to the consumer. The results 
also showed that there were no samples with HAV in the heavily polluted category 
C. However, samples collected during rainy season in medium polluted category 
(category B) showed presence of HAV. Therefore, this study is in agreement with 
other findings indicating a lack of relationship between bacteriological indicators 
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and HAV in shellfish samples (Casas and Sunen, 2001; Cacas et al., 2007; 
Chirona et al., 2002; Ribao et al., 2004). That means EU sanitary controls 
regulations such as EC no.854/2004 are not suitable for safety on shellfish 
consumption. The presence of HAV in Can Gio is the highest with 12 positive 
samples (57.1%). This may be due to that this region is located close to residential 
areas which discard human excrement and the domestic waste directly into the 
environment. The HAV can get accumulated in bivalve molluscs by filter-feeding 
process. When the same test (Chi-Square test) was separately applied to 
sampling region of Can Gio, no correlation either between HAV and E. coli or 
between fecal coliforms and HAV was found. This finding contrast with some 
previous studies (Le Guyader et al., 1993; Romalde et al., 2002) which report that 
there is a good correlation between bacterial indicators and HAV. 
 
Although more studies need to be done, the results obtained in this work clearly 
indicate the three following points: (i) recovery method of HAV and RT-PCR used 
in this study are suitable for the detection of HAV in Vietnam and detection 
method has high sensitivity level, (ii) prevalence of HAV in bivalve molluscs (clam) 
in Ho Chi Minh city and the Mekong Delta, Vietnam, indicating a future health 
concern, (iii) the lack of correlation between bacterial and viral contamination in 
shellfish and seawater samples in Ho Chi Minh city and the Mekong Delta, 
Vietnam. Vietnam currently lacks a surveillance system for viruses in food  
samples. Improved shellfish depuration methods are needed to obtain virus-safe 
shellfish and to reduce the risk for public health in Vietnam. The currently used 
Europe Union’s sanitary controls (EC No. 854/2004) should not be used as a sole 
assessment for the quality of bivalve mollusc products in Vietnam because it is 
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mainly based on bacterial, not HAV virus contamination to bivalve mollusc 
production. In addition, this high level of viral contamination in shellfish samples in 
Ho Chi Minh city and the Mekong Delta in Vietnam suggests that the shellfish 
should be properly cooked before consumption to avoid any potential health risks. 
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APPENDICES 
 
Appendix 2.1  Calculation of Most Probable Number (MPN) (MFHPB-19 April 
2002, Canada) 
Table I shows the most probable numbers of coliforms per 100 ml or g of test 
material corresponding to the number of gas-positive tubes in the coliforms test. 
 
Table I has been adapted from a conversion table prepared for the analysis of 
drinking waters where 10, 1.0 and 0.1 ml of the water under test are used as test 
portions. When other sized portions of the test material are placed in the tubes, 
MPN values obtained from Table II must be multiplied by an appropriate number, 
to correct for the actual amount of test material in the tubes, and also to obtain the 
MPN per g (ml) as is usually done for foods, rather than per 100 ml (g), for which 
the values are given in the table. The volume of diluent added to the tubes (and 
which accompanies the test material) is ignored when calculating the MPN. 
 
Example: 
The following inoculated tubes give a positive reading: 
(1) 5 tubes with 10 ml of 1:10 dilution of test material - all 5 are positive 
(2) 5 tubes with 1 ml of 1:10 dilution of test material - 1 is positive 
(3) 5 tubes with 1 ml of 1:100 dilution of test material - none are positive 
 
The quantities in each of the five tubes of the three dilution series represent 1, 0.1 
and 0.01 g (ml), respectively of the test material. According to Table I, a reading of 
5-1-0 gives a value of 33 when 10, 1 and 0.1 g (ml) respectively are used. 
However, since only 1/10 of these amounts were actually used in the analysis, the 
value of 33 obtained from Table II must be multiplied by 10 giving 33 x 10 = 330 
organisms per 100 g (ml) of test material. If the results need to be expressed per g 
(ml), the MPN value is 330 ÷ 100 = 3.3. 
When higher dilutions are used, the same procedure is followed, but the multiplier 
(dilution factor) is enlarged to relate the amount of test material actually present to 
the values given for 10, 1.0 and 0.1 g (ml) in Table I. 
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Dilution factor = Reciprocal of the dilution of the analytical unit. 
For calculating the MPN, use the dilution factor of the middle set of the three 
dilutions selected. 
 
To determine which consecutive dilutions to use, refer to the combinations shown 
below:  
1. If only 3 dilutions are made, use the results for those 3 dilutions to compute the 
MPN. Examples a and b, Table II. 
2. If more than 3 dilutions are employed, use the results of only 3 consecutive 
dilutions. Select the highest dilution (last dilution, i.e. dilution with the smallest 
quantity of product), in which all 5 tubes are positive and 2 subsequent higher 
dilutions. Examples c and d, Table II. 
3. If more than 3 dilutions are made, but none of the dilutions tested have all 5 
tubes positive, use the first 3 dilutions. Example e, Table II. 
4. If a positive tube occurs in the dilution higher than the 3 chosen to rule, the 
number of such positive tubes should be added to those of the next lower dilution. 
Example f, Table II. 
5. If the tubes of all sets of a dilution series are positive, choose the 3 highest 
dilutions of the series and indicate by a "greater than" symbol (>) that the MPN is 
greater than the one calculated. 
Example g, Table II. 
 
Refer to Table II and look up the value which corresponds to the number of 
positive tubes obtained. 
MPN/100 ml = No. microorganisms (Table I) x dilution factor of middle set of tubes 
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Table I 
Most Probable Number (MPN) of Bacteria Per 100 g (ml) of Test Material using 5 
Tubes  with 10, 1 and 0.1 ml or g of Test Material 
 
Pos*  
10;1;0,1 
MPN  Pos*  
10;1;0,1  
MPN  Pos*  
10;1;0,1  
MPN  Pos*  
10;1;0,1  
MPN  Pos*  
10;1;0,1  
MPN  Pos*  
10;1;0,1  
MPN  
000  <1.8  100  2  200  4.5  300  7.8  400  13  500  23  
001  1.8  101  4  201  6.8  301  11  401  17  501  31  
002  3.6  102  6  202  9.1  302  13  402  21  502  43  
003  5.4  103  8  203  12  303  16  403  25  503  58  
004  7.2  104  10  204  14  304  20  404  30  504  76  
005  9  105  12  205  16  305  23  405  36  505  95  
010  1.8  110  4  210  6.8  310  11  410  17  510  33  
011  3.6  111  6.1  211  9.2  311  14  411  21  511  46  
012  5.5  112  8.1  212  12  312  17  412  26  512  64  
013  7.3  113  10  213  14  313  20  413  31  513  84  
014  9.1  114  12  214  17  314  23  414  36  514  110  
015  11  115  14  215  19  315  27  415  42  515  130  
020  3.7  120  6.1  220  9.3  320  14  420  22  520  49  
021  5.5  121  8.2  221  12  321  17  421  26  521  70  
022  7.4  122  10  222  14  322  20  422  32  522  95  
023  9.2  123  12  223  17  323  24  423  38  523  120  
024  11  124  15  224  19  324  27  424  44  524  150  
025  13  125  17  225  22  325  31  425  50  525  180  
030  5.6  130  8.3  230  12  330  17  430  27  530  79  
031  7.4  131  10  231  14  331  21  431  33  531  110  
032  9.3  132  13  232  17  332  24  432  39  532  140  
033  11  133  15  233  20  333  28  433  45  533  180  
034  13  134  17  234  22  334  31  434  52  534  210  
035  15  135  19  235  25  335  35  435  59  535  250  
040  7.5  140  11  240  15  340  21  440  34  540  130  
041  9.4  141  13  241  17  341  24  441  40  541  170  
042  11  142  15  242  20  342  28  442  47  542  220  
043  13  143  17  243  23  343  32  443  54  543  280  
044  15  144  19  244  25  344  36  444  62  544  350  
045  17  145  22  245  28  345  40  445  69  545  440  
050  9.4  150  13  250  17  350  25  450  41  550  240  
051  11  151  15  251  20  351  29  451  48  551  350  
052  13  152  17  252  17  352  32  452  56  552  540  
053  15  153  19  253  26  353  37  453  64  553  920  
054  17  154  22  254  29  354  41  454  72  554  1600  
055  19  155  24  255  32  355  45  455  81  555  >1600 
 
* Number of positive tubes with each of 3 volumes used. 
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Table II 
Dilutions to be used and calculations of MPN per g or ml of test material 
 
 
                      Dilutions*       
Undiluted                           1:10       1:100  1:1000  Combination 
 
MPN 
from  
Dilution  MPN per  
 Amount of original test 
material (g or ml)  
 to be used  Table  factor of 
middle 
dilution  
ml or g  
     10         1        0.1       0.001  0.001     
a.  5/5**  5/5  2/5    5-5-2  540  1  5.4  
b.   5/5  5/5  2/5   5-5-2  540  10  54  
c.   5/5  5/5  2/5  2/5  5-2-2  95  100  95  
d.   5/5  5/5  2/5  0/5  5-2-0  49  100  49  
e.   2/5  2/5  1/5  0/5  2-2-1  12  10  1.2  
f.   5/5  2/5  1/5  1/5  5-2-2  95  10  9.5  
g.   5/5  5/5  5/5  5/5  5-5-5  >1600  100  >1600  
 
* Dilutions to be used are underlined. 
** No. of positive tubes/No. of tubes inoculated. 
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Appendix 3.1 Results of fecal coiforms, E.coli counts using MPN table and 
detection of Salmonella in seawater and bivalve mollusc samples 
Table III  Binh ðai Ward, Ben Tre Province 
Fecal coliforms E.coli Salmonella Date STT ITEMS 
Pos* MPN/100g Pos* MPN/100g 
1 DWH1 235 250 204 140 ND 
2 DWL1 332 240 230 120 ND 
3 DMH1 144 190 140 110 ND 
Aug-08 
4 DML1 304 200 301 110 ND 
5 DWH2 244 250 143 170 ND 
6 DWL2 323 240 303 160 ND 
7 DMH2 225 220 222 140 ND 
Sep-08 
8 DML2 234 220 132 130 ND 
9 DWH3 324 270 313 200 ND 
10 DWL3 342 280 340 210 ND 
11 DMH3 323 240 303 160 ND 
Oct-08 
12 DML3 324 270 321 170 ND 
13 DWH4 323 240 320 140 ND 
14 DWL4 314 230 302 130 ND 
15 DMH4 322 200 310 110 ND 
Nov-08 
16 DML4 312 170 301 110 ND 
17 DWH5 312 170 301 110 ND 
18 DWL5 330 170 310 110 ND 
19 DMH5 205 160 202 91 ND 
Dec-08 
20 DML5 035 150 005 90 ND 
21 DWH6 310 110 300 78 ND 
22 DWL6 302 130 300 78 ND 
23 DMH6 203 120 200 45 ND 
Jan-09 
24 DML6 123 120 110 40 ND 
25 DWH7 301 110 300 78 ND 
26 DWL7 302 130 300 78 ND 
27 DMH7 113 100 100 20 ND 
Feb-09 
28 DML7 112 81 100 20 ND 
29 DWH8 301 110 300 78 ND 
30 DWL8 310 110 300 78 ND 
31 DMH8 122 100 101 40 ND 
Mar-09 
32 DML8 203 120 200 45 ND 
33 DWH9 123 120 110 40 ND 
34 DWL9 203 120 200 45 ND 
35 DMH9 002 36 001 18 ND 
Apr-09 
36 DML9 101 40 100 20 ND 
37 DWH10 304 200 302 130 ND 
38 DWL10 313 200 301 110 ND 
39 DMH10 202 91 201 68 ND 
May-09 
40 DML10 121 82 120 61 ND 
 
ND: Not Detected 
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Table IV  Can Gio Ward, Ho Chi Minh city 
Fecal coliforms E. coli Salmonella Date STT ITEMS 
Pos* MPN/100g Pos* MPN/100g 
1 GWH1 521 700 420 220 + 
2 GWL1 442 470 331 210 + 
3 GMH1 424 440 331 210 ND Aug-08 
4 GML1 345 400 134 170 ND 
5 GWH2 441 400 430 270 ND 
6 GWL2 345 410 234 220 ND 
7 GMH2 344 360 340 210 + Sep-08 
8 GML2 423 380 322 200 ND 
9 GWH3 415 420 315 270 ND 
10 GWL3 415 420 315 270 ND 
11 GMH3 345 400 243 230 ND Oct-08 
12 GML3 433 450 323 240 + 
13 GWH4 354 410 350 250 ND 
14 GWL4 345 400 323 240 ND 
15 GMH4 255 320 132 130 ND Nov-08 
16 GML4 254 290 114 120 ND 
17 GWH5 244 250 241 170 ND 
18 GWL5 331 210 231 140 ND 
19 GMH5 045 170 005 90 ND Dec-08 
20 GML5 205 160 202 91 ND 
21 GWH6 313 200 311 140 ND 
22 GWL6 322 200 320 140 ND 
23 GMH6 330 170 300 78 ND Jan-09 
24 GML6 215 190 201 68 ND 
25 GWH7 034 130 023 92 ND 
26 GWL7 302 130 301 110 ND 
27 GMH7 113 100 110 40 ND Feb-09 
28 GML7 203 120 200 45 ND 
29 GWH8 311 140 310 110 ND 
30 GWL8 302 130 301 110 ND 
31 GMH8 104 100 101 40 ND Mar-09 
32 GML8 203 120 200 45 ND 
33 GWH9 035 150 033 110 ND 
34 GWL9 125 170 123 120 ND 
35 GMH9 123 120 120 61 ND Apr-09 
36 GML9 203 120 201 68 ND 
37 GWH10 135 190 132 130 ND 
38 GWL10 225 220 213 140 ND 
39 GMH10 015 110 014 91 ND May-09 
40 GML10 015 110 005 90 ND 
 
ND: Not Detected 
+: Positive  
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Table V  Ba Tri Ward, Ben Tre province 
         F.  coliforms E. coli Salmonella Date STT ITEMS 
Pos* MPN/100g Pos* MPN/100g   
1 TWH1 314 230 303 160 ND 
2 TWL1 323 240 321 170 ND 
3 TMH1 313 200 302 130 ND 
Aug-08 
4 TML1 233 200 222 140 ND 
5 TWH2 322 200 320 140 ND 
6 TWL2 314 230 302 130 ND 
7 TMH2 314 230 302 130 ND 
Sep-08 
8 TML2 331 210 301 110 ND 
9 TWH3 332 240 331 210 ND 
10 TWL3 341 240 340 210 ND 
11 TMH3 402 210 400 130 ND 
Oct-08 
12 TML3 322 200 320 140 ND 
13 TWH4 331 210 320 140 ND 
14 TWL4 313 200 302 130 ND 
15 TMH4 125 170 005 90 ND 
Nov-08 
16 TML4 214 170 202 91 ND 
17 TWH5 313 200 301 110 ND 
18 TWL5 224 190 221 120 ND 
19 TMH5 222 140 201 68 ND 
Dec-08 
20 TML5 132 130 120 61 ND 
21 TWH6 125 170 005 90 ND 
22 TWL6 303 160 300 78 ND 
23 TMH6 104 100 101 40 ND 
Jan-09 
24 TML6 212 120 200 45 ND 
25 TWH7 124 150 120 61 ND 
26 TWL7 205 160 201 68 ND 
27 TMH7 112 81 100 20 ND 
Feb-09 
28 TML7 121 82 100 20 ND 
29 TWH8 221 120 200 45 ND 
30 TWL8 124 150 120 61 ND 
31 TMH8 103 80 010 18 ND 
Mar-09 
32 TML8 121 82 100 20 ND 
33 TWH9 133 150 120 61 ND 
34 TWL9 124 150 120 61 ND 
35 TMH9 113 100 110 40 ND 
Apr-09 
36 TML9 211 92 200 45 ND 
37 TWH10 313 200 310 110 ND 
38 TWL10 313 200 310 110 ND 
39 TMH10 222 140 201 68 ND 
May-09 
40 TML10 303 160 300 78 ND 
 
ND: Not Detected 
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Appendix 3.2  Mean value of E. coli in seawater from the Mekong Delta, Vietnam 
and Ho Chi Minh city. All value are expressed as the Mean ± Standard deviation. 
 
Month Binh Dai Ba Tri Can Gio 
Aug 130±14.14 165±7.07 215±7.07 
Sep 165±7.07 135±7.07 245±35.35 
Oct 205±7.07 210±0.00 270±0.00 
Nov 135±7.07 135±7.07 245±7.07 
Dec 110±0.00 115±7.07 155±21.21 
Jan 78±0.00 84±8.48 140±0.00 
Feb 78±0.00 64±4.94 101±12.72 
Mar 78±0.00 53±11.31 110±0.00 
Apr 43±3.53 61±0.00 115±7.07 
May 120±14.14 110±0.00 135±7.07 
 
 
 
Appendix 3.3  Mean value of E. coli in bivalve molluscs from the Mekong Delta, 
Vietnam and Ho Chi Minh city. All values are expressed as the Mean ± Standard 
deviation. 
 
Month Binh Dai Ba Tri Can Gio 
Aug 110±0.00 135±7.07 190±28.28 
Sep 135±7.07 120±14.14 205±7.07 
Oct 165±7.07 135±7.07 135±7.07 
Nov 110±0.00 91±0.70 125±7.07 
Dec 91±0.70 65±4.94 91±0.70 
Jan 43±3.50 43±3.53 73±7.07 
Feb 20±0.00 20±0.00 43±3.53 
Mar 43±3.53 19±1.41 43±3.53 
Apr 19±1.41 43±3.53 65±4.94 
May 65±4.94 73±7.07 91±0.70 
 
 
 
Appendix 3.4  Mean value of fecal coliforms in seawater from the Mekong Delta, 
Vietnam and Ho Chi Minh city. All value are expressed as the Mean ± Standard 
deviation. 
 
Month Binh Dai Ba Tri Can Gio 
Aug 245±7.07 235±7.07 585±162 
Sep 245±7.07 215±21.21 405±7.07 
Oct 275±7.07 240±0.00 420±0.00 
Nov 235±7.07 205±7.07 405±7.07 
Dec 170±0.00 195±7.07 230±28.28 
Jan 120±14.14 165±7.07 200±0.00 
Feb 120±14.14 155±7.07 130±0.00 
Mar 110±0.00 135±21.21 135±7.07 
Apr 120±0.00 150±0.00 150±14.14 
May 200±0.00 200±0.00 200±21.21 
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Appendix 3.5 Mean value of fecal coliforms in bivalve molluscs from the Mekong 
Delta, Vietnam and Ho Chi Minh city. All value are expressed as the Mean ± 
Standard deviation. 
 
Month Binh Dai Ba Tri Can Gio 
Aug 195±7.07 200±0.00 420±28.28 
Sep 220±0.00 220±14.14 370±14.14 
Oct 255±21.21 205±7.07 425±35.35 
Nov 185±21.21 170±0.00 305±21.21 
Dec 155±7.07 135±7.07 165±7.07 
Jan 120±0.00 110±14.14 180±14.14 
Feb 91±13.43 82±0.70 110±14.14 
Mar 110±14.00 81±1.41 110±14.14 
Apr 38±2.82 96±5.65 120±0.00 
May 87±6.36 150±14.14 110±0.00 
 
 
